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In the paper above mentioned Dr. Kirschmann states that 
logarithmic curve for stimulus affords with a rotating dis 
means of exemplifying in a class experiment the truth of the 
Weber-Fechner formula, according to which the stimulus n 


e ° . 1 
; 


increase in geometrical progression in order that sensation 
increase by evenly spaced increments. A disc prepared ins 
accordance with the instructions given in Dr. Kirschman 
paper (save that black ‘ surface paper’ was substituted fo1 


velvet) gives an increase of white stimulus in geometrical 








gression from circumference to center. But it does not afi 
satisfactory grading in visual sensation. ‘The inner third 
uniformly light, the peripheral portion too unitormly dark ; 
there is too sudden a transition from lightto dark. There 
gentle and even passage from white into black through 
and lighter shades of gray. Plate I., A, is from a photog: 


this disc in rapid rotation 


A modification of this method of experiment serves to 


the investigation into closer touch with other psychophy 
methods and with ‘* Masson’s discs.’ Instead of swee} 
continuous wave through, Say, IO determined points, wl 
added in step-like increments of the same proportional 
Thus to illustrate equal increments of stimulus the rotating « 


rive nrne ac] Favhich there 7 1d 
gives te n rings 1n each Of which there Sa suci¢ 


g 
eee a - satis — es 

10% of stimulus. This method of construction is illustrat 

} aert rt ~ 4 = : - 4 f) , >]. 

the rightof Fig. 1. This disc is figured in Plate I., Z, whe 

: ’ - td ratati a | eleur « 1; olhey - r 

Is In rapid rotation. Simularly a disc to ulustrate a geome 


progression of stimulus gives also 10 rings which are figured 
Plate I., Y, when this disc isin rotation. In neither case d 


rings give steps of equal value for sensation. By increas 


the distance from which the rotating discs are viewed the 
become less marked to the eye until some of them disappeai 


a ane } ee > ‘si 


seem to merge or shade into each other. sut While some 
merge and lose their identity others remain easily disting 
able; which shows that they are not all of equal value f 
eve. [his method of experiment ¢ learly brings the inve 

FA i ew ~ 

tion into touch with that based on least perceivable differen 
But a curious optical illusion somewhat distracts the judgm« 


Each ring is apt to appear double. Lying as it does betwe 
> I rl p > 
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rker ring on the one side and a lighter ring on the other 
it is peculiarly subject to the effects of contrast Hence the 

irt of it nearer the dark ring appears to be relatively lighte 
an the part near the lighter ring; and the physically unitorn 


: a : : aa a : 
in vision into a doubie bDand due to the ef- 


band differentiates 
fects of contrast. 


Kirschmann uses with his discs a small telescope 


Professor 


yy isolating small areas for comparison. Using tubes in a 
similar way I came to the conclusion that the shading of the 
disc as a whole affords a better means of judging of the grad- 

g than is obtained by examination of isolated areas in detail. 

From many such observations as have been described, using 
smooth and step-like increments of excitation, it appeared 
at neither an arithmetical nor a geometrical progression of 


, . - i - ¢ . P 
timulus aftords an evenly graaed series to the observer’s eye. 


f 


Che Investigation here passed into the experimental stage 


It was first necessary to ascertain what proportion of black and 


white would blend on a rotating disc so as to afford a sensation 
of * mid-gray ’—that is to say a shade which appears to tl 
be just mid-way between black and white. This was foun 
approximately by means of discs with three 


bout equal breadth, the inner black, the outer white, and an 


) 


concentric rings of 


sectors. | ne percent- 


intervening ring with black and white | 

ages for the papers aflixed to the discs are from 25% to 28% of 

white, to from 75% to 72% of black, according to the brightness or 
—// a] > 

other conditions of illumination. In a similar way it was found 


best to obtain a light gray of mean shade between this mid-gray 
and white. The proportions required are about 50% of white and 
black ; and, to obtain a dark gray of mean shade between mid- 
gray and black, the requisite proportions are about 12.5% of 
white and 87.5% of black. Considerable difficulty was, how- 
ever, experienced in judging a given ring to be an arithmetical 
mean strictly half way between those of higher and darker 
shades ; and it was found that continuous curves yielded better 
results. After some experience the eye detects even slight de- 


partures from smooth and even grading in the sensory series. 
he experimental 


They will serve to show the 


It is here desirable to give in some detail t 


a - ; : Pi 
results obtained with eight discs. 








to 
N 
te 


way in which the requisite percentages of white stimulus 
black background were determined and errors eliminated. J 
observations were made at a constant distance of 10 feet fro 
mirror and, so far as possible, under illumination of constant 
tensity. Measurements were made at 11 stages, from perip 


{ 


to center, numbered in the first column of the accompa 


table. The full number of 20 stages would give equal se: 

tion, increments of 5%; but sufficient accuracy was secured 

measurements at intervals of 10% increments, except at each e1 
of the graded series where the 10% is divided into two stages 
5% each. The discs are lettered A—-H. The percentag 
given under A represent those which had already been rea 
by earlier observations and which gave fairly good grading 
not altogether satisfactory at either end of the grade« 
BCD were constructed from curves varying in different w 
around that which represents the percentages of A. I com! 
the net results of observations on A-D; F and G in 
slight + and — modifications of E; and finally H gives 
result of observations on the whole series. In each case 27 
(a value determined by the conditions of illuminati 
taken as a datum for the mid-gray. Appended to the tabl 

the notes made at the time as a guide to the further experime! 
embodied in subsequently-made discs. The inner lines of F1 


+ 


give the boundaries of the leaf-shaped area of white on a b 


ground in each of the three equal sectors of the disc lettere \ 
i 

in the table. 
TABLE I, 

Stage. Sensat A B C D E 2 G H 
20 TOO 100 I 10 1OO 100 Io 100 IO 
19 95 be 14 o> § go. 2 . } 9.5 re) re) 

Id gO ie 76.9 50.5 69. I 79 78 ), 

16 SO 50.5 59.2 61.9 C 62 60 64 { 
14 7O 14-5 45 {0.7 13.4 17 ; {5 

12 60 5.2 35-2 2 2 te 9 24.2 8 

Io SO a > 2 »” 2" 27 4 
S 40 20.2 y [.6 Ig 19.5 20 I9 

6 30 5 16,2 17.4 I 13 6 12.4 I 
4 20 I 12.1 14.2 7.9 7-9 5.5 <3 

2 10 5.2 6.8 5.4 3.6 5 }- 3 

I 5 2.7 6 A.5 I.d 1.5 ® 1.6 

oO oO oO ) oO ) 





THE RELATION OF STIMULUS TO SENSATION 223 


Stages 1-6 too white; 14-19 too dar mid-revion satisfactory 
F 1-S much too white; 14-19 better than A. 
" 1-8 very much too white ; 14-19 better than A or B. 
) 1-6 good I4-19 mu h too dark. Make 1 V als E ( noining 

»of D, 14-19 of C, and mean of intermediate stages. 

FE. Good result ; weakest 12-14, too dark. Try two new discs (F and G) with 
iximum or — modifications to amount of 2 
F. Not so good as E as a whole; 18-19 good ; 12-14 worse rather than bet- 

1-S rather too white. 

( Not so good as E on the who 2 tt t n Eor!] ) much 
same but not quite so good as I lake results I lifyin to ac- 
l1with G 

H. Sat ictory It Al tle too d € \ ept as bas for theory 
From these results it will be seen that slight errors are more 
3 : , “ge ; 

easily detected where the percentages of white are small than 

ae ; io. ] ] ] ] . 

where they are relatively large. A study of the percentages 

il] further show that whereas the first 5% of sensation is pro- 

duced by the introduction of about 2% of white stimulus, the last 


( 


(from 95% to 100%) 1s produced Dy the introduction OI IIx 


] 
I 


1 


or W hite. Hence a smal abs ylute addition ot white to low per- 


entages will be noticeable, whereas a much larger addition to 
L: aH . -) . Sis 
igh percentages will remain unnoticed. 
Colors and shades were next dealt with, and experiments 
, . , . } | 7 } 7 . 
made with several pairs, such as red and black, blue and black, 
~ r rae 
red and white, red and blue, purple and emerald green. The 
object here was to get a sulliciently wide series of data on which 


to base a discussion of the relation between stimulus and sensa- 


tion. It was found that each pair gave a differing series of 
percentages. It will suffice to present the final results obtained 


vith red on black, and blue on black. They were reached 


by methods similar to those already illustrated in sufficient de- 
tail. It should be stated that the results embodied in the accom- 
panying Table (II.) were attained by an extended series of ex- 
periments and observations analogous to those given in Table I. 

So far the results obtained are purely empirical. They were 
plotted in curves on the graphic method with a view to deter- 
mining if possible the law which underlies them. 

sefore proceeding to a consideration of this law a criticism 


which may suggest itself must be met. It may be said that the 





LLOVD MORGAN. 
TABLE II. 


White on Black. Red on Black. Blue on Bi: 


‘black’ and ‘white’ employed are very far from being abs 
lutely black and white respectively ; and that the colors used 
surface paper and wall papers—are very far from being specit 
cally pure. This is perfectly true. What is sought, however, 
is to obtain even grading between a sensation a on the one hand 
and a sensation w on the other hand; or, since neither visua 
sensation is pure, let us say a complex sensory effect @, d, 2, 
the one hand and another sensory effect s, v, z, on the othe 
hand; and this may be attained no matter how complex eithe: 
term may be. Experiment showed, for example, that a grad- 
ing could as readily be obtained between ‘ black’ and light g 
} 


as between ‘ black’ and ‘ white’; the mid-point between the two 


ray 


being obtained by using 30% of the gray selected and 70% of 


‘black.’ And so far as the colors are concerned the results ap- 


pear to be due rather to the relative intensities of stimulation ot 
excitation of the retina than to the effects of color as such. In 
any case there is no pretence that this investigation deals with 
pure colors or shades, though it may lead up to a further inves- 
tigation of spectral colors. 

Another point which calls for notice is the illumination. This 
is a matter of considerable importance. Ina bright light the 
contrast between colors or shades of different intensities 1s 
heightened. <A black and white disc which shows good shad- 

5 ss 
ing fora medium illumination fails to grade smoothly in a strong 


light. But though the percentages and curve for any pair of 
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colors or shades varies with the conditions of lighting, the prin- 
ciple which it illustrates remains the same. 


Proceeding now to a consideration of the law which appears 


to express the relation between stimulus and sensation it will be 


well to begin with a discussion of the curves for ‘ white on 
black,’ ‘red on black’ and *‘ blue on black’ which very closely 


accord with those which are plotted in Fig. 2. And the first 


a] 
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point to notice is that neither of these curves is throughout its 
whole extent logarithmic as it should be if the Weber-Fechner 
formula holds good. It is true that curves expressing geometric 
progression of stimulus can be found in each case nearly to fit 
that obtained by observation zz limited portions of its extent. 
gut the curves of Fig. 2 are so homogeneous that they seem to 
indicate some simple law applicable to all, and in each case 
throughout the whole range. And this law is certainly not that 


expression by the Weber-Fechner formula. It is well known how- 
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ever that this formula fails in cases of low and of high stimula- 
g 


tion—a defect which is somewhat lamely explained by saying that 
: } ’ ying 


it only holds good for the of/7mum region of sensation. It is gen- 
erally admitted to be but an approximation to the true interpre- 
tation of the facts. A law which shall apply to the whole range 
of normal sensation is still a psycho-physical desideratum. 

It will be remembered that the Weber-Fechner formula gener- 
ally accepted runs as follows: In order to produce a series of just 
distinguishable sensations, giving an arithmetical progression of 
sensation, the determining stimuli must afford excitations 
geometrical progression. But in the curves plotted in Fig. 2 
the stimuli required to produce the sensation series 5%, 10%, 15 
etc. are of in geometrical progression. This being so the 
question arises: Do they form an orderly series conforming 
some simple law of progression? They do, and the law may 
be thus stated: Agual tncrements of sensation are produced by 
increments of excitation in geometrical progression. 

Let us fix our attention on curve A in Fig. 2, which repre- 
sents the relation of stimulus to sensation for a graded seri 
from ‘ white’ through gray to ‘black.’ Now experiment shows 


Do 


that 27% of ‘white’ stimulus affords the sensation midway be- 
tween ‘ white’ and ‘black ’—in other words it corresponds to 
59% of sensation. Let us take this single observed fact a 
the datum for a calculation based on the suggested law, and 
then see how far the percentages that result from this calcula- 
tion accord with those obtained in the experimental work above 
described. Dividing the whole range into 10 equal sensation-in 
crements of 10% each we have to ascertain the related stimulus- 
increments. It is clear that the sum of the first five stimulus 


increments gives the observed number 27% while the sum of the 
completed series of 10 stimulus-increments gives the total of 


100%. Hence 


a(rvi®— 1) 
I0Oo I 
i I 
a(r® 1) 
27 2 
} I 


where @ is the first step and 7 is the factor to give a geo- 


metrical series; from which the value of @ ( = 3.49) and 
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that of » ( = 1.22) are readily obtained,’ and these being 
known the value of each of the ten terms which make up the 
The following Table (III. 


cives the increments of sensation and their sums, the increments 


complete series may be calculated. 


of stimulus and their sums, and (for comparison) the percentages 
obtained by experiment. 
TABLE III. 


WHITE ON BLACK. 


: . rved 
: sensation. Stimulus. Observed 
wlage. Percentage 

Increments. Sums. Increments. Sums of Stimulus. 

0 IO [OO a Oo 1 LO 

| Pe) IO go 7.3 79.1 9 

16 IO SO 14.03 61.97 62 

I4 10 79 I1.5 | 4 15. 

I2 1O 60 9.42 f 13 ..o 

IO 1O 5< 7 2S 27 

5 10 {0 6 19.27 19.5 

6 IO 20 = 12.94 I 

} 10 20 1.25 7.74 7.9 

> 1o Io 2 ) 3.49 2.5 

U 0 oO ) 











In Fig. 3 the curve for ‘ white on black’ is plotted on the 


graphic method and the manner of its construction with step-like 


increments in geometrical progression shown.” 


1 100 2 (J 
ana 
ai) i 
27 
y—I 
Hence by division 
100 , I 
r+ 
27 } 
100 7 5 
7 I 
27 27 
*. § log x = log 73 — log 27 


Whence 7 1.22009 


Substitution in (2) gives a — 3.488. 
The series of increments for 10 stages will be as under : 
Stage I 2. 3 


a. ar. ar 


> 


2The following note is kindly furnished by my colleague, Professor F. R. 
sarrell, to whom I am much indebted for valuable criticisms and suggestions. 
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Denote intensity of sensation by x, 
= ee ‘** stimulus by y, 
y must be some function of 27, say /(. 
Let three equal increments / be given successively to 2 
and let «,, ,, &,, be the corresponding increments of ¥ 


V+ 4K, firth 
; : h2 A3 
K(x f'(xr)\h+f77(+ 1 f//7( a) + 
1.2 2.3 
yun, fia 2h [by Taylor’s theorem ] 
. a. 83 
f(imt+f"(a >/ prix) 4 +f?!" (4 
' 1.2 i. 2.2 
Vo + f(x~+ th 
‘ oh? 27h8 
f(x)+ f(a hf” yren" - + 
I.2 & 
By subtraction 
MS Pa) EAP? (ahi pr(xyart 
K A$ f?(a F(x)\)h tif (x)h?? 
3 A$ f’ ’ f// r } f/// x h ; 
Now the hypothesis is that are in G. P. 
Substitute the above values for «,, «,, , we find that the absolute terms and the 


are identical on both sides of the equation ; the coefficients of 


coefficients of #4 


h? give 


GI ARPA MWS SP" Tf fl 4+ 2/7" 
fifyy — #772 
a a ( Ay 
? ax dx ax? 


The solution of this differential equation is 
1 Ae® + C. 
But sensation 2 o) i F 
when stimulus 4 Oo} ; 
a A (e* I A(10 I A(A —1) 
where A, BP, 4, 7 are constants whose values are found by making curves pass 
through the point (100, 100) and any other one point given by experiment. 
[In the body of the paper sensation is represented by y and stimulus by 


x .*. x and y should be interchanged in above equations. ] 


For the curve ‘white on black’ 4 15.85 

b .0086392 
for the curve ‘red on black’ A 40.835 

b .005377. 
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A disc prepared in accordance with the percentages given by 
) 


. An- 


other disc in which the increments in 10 stages are introduced 


the theory affords good and even shading (Plate I., ¢ 


step-fashion gives a series of rings which on the whole grade 
well, though the effects of contrast have to introduce a disturb- 
ing element. When such a disc is viewed from progressively 


increasing distances, all the rings merge into a continuum 
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others as in the case to which allusion has previously been made. 
Plate I., /, is from a photograph of this disc when it is in rapid 
rotation. 

It will be noticed that in the theoretical series,* as in the 

1 This does not hold good of the accompanying photographic reproduction, 
which is so far inaccurate. 

2 Alike in the experimental series andin the theoretical interpretation of 
the results 27%, of white is accepted for mid-gray. Under the conditions above 
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closely similar series of percentages reached by experiment, a 
much larger absolute addition of * white’ is required to give say 
10% increment of sensation at one end of the scale than is re- 
quired at the other end of the scale. It is well known that a 
smaller amount of white is just perceivable on a black ground, 
than of black on a white ground. This may be illustrated by 
means of rotating discs. It will, for example, be found that a 
gray ring produced by 5% of white on a black ground is mor 
marked than a gray ring produced by 10% of black on a white 
ground, notwithstanding the fact that the amount of white in 
the more obvious ring is but half that of black in the less readily 
distinguishable gray circle. More careful experiments showed 
that, whereas the ditference between 99% and 100% of white 
(thatis, 1% of black on a white ground) is just perceptible, from 


.4% of white was just perceivable on a black disc, the 


3% to 
exact amount varying with the brightness of the illumination. 
Now the increment of white on black which corresponds (in ac- 
cordance with the law here suggested) to 1% of black on white 


is .38%. Too much stress should not be laid on the accordance 


of the two results; but it may be given for what it is worth. 
; It has already been stated that the curve founded on obser- 
vation, on which the theoretical curve is based, differs from a 


logarithmic curve. This may be illustrated by Fig. 4. The 
firm line gives the theoretical curve based on the principle of 


The broken 


increments of stimulus in geometrical progression. 
line shows the logarithmic curve which passes through the per- 
centages at stages 6 and 14. Although this is one of the best 
logarithmic curves which can be found for purposes of com- 
mentioned, with a medium illumination this to my eye gives good shading 
With a brighter light, or at a smaller distance, the percentag 
For though the eye is capable of some amount of adaptation to 


e of white has to 


be diminished. 
the amount of light received, adaptation effected through changes in the size of 
the pupil, there remain outstanding differences. For the distance at which the 
photographs for the accompanying plate were taken the percentage to give mi 

gray was reduced to 25 Some of my friends consider my mid-gray too light 

It seems that the personal equation, and the sensi 
onsideration. I would 


e which for my eye gives mid 


a few regard it as too dark 
tiveness of the individual retina must be taken into c 
therefore lay no special stress on the percentag 
gray; that on which I do lay stress is that, when this datum is determined, fot 
any given individual under given circumstances, the relative percentages have 


values in accordance with the law of progression above set forth. 
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parison, it will be seen that the divergence is far in excess of 
any probable errors of observation. 

Passing now to the curve for ‘red on black’ (which is 
shown graphically in B, Fig. 2) the following Table (IV.) gives 
the application of the law in a manner similar to that in the 


previous Table (III.) for ‘ white on black.’ 


Stimulisn Fg 4. 


to 20 $o 4o sé fo Je oe go /e0 
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Since the excitation effect of the red employed is less than 
that of ‘ white’ a larger amount of stimulus (viz, 35% as com- 
pared with 27%) is required to give a sensation midway be- 
tween red and black. The curve, therefore, passes through 
this point instead of through 277%. The value of a (the first of 
10 steps) is here 5.382 and that of 7 1.1318; but the law still 


holds good. Equal increments of sensation are produced by 


increments of excitation in geometrical progression. 
It is unnecessary to give details with regard to the curve for 
dark blue on black in the experimental work for which I have 
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TABLE IV. 
RED ON BLACK. 





Sensation. Stimulus. Observed 
Stage. Percentage 
Increments Sums. Increments. Sums. of Stimulus 
20 10 100 16.40 100 100 
18 10 go 14.49 83.60 83.5 
16 10 50 12.50 69.11 69. 
14 10 70 11.31 56.31 55-5 
I2 IO 60 IO. 45 44.5 
10 10 50 8.83 35. a. 
5 IO 40 7.50 26.17 25.5 
6 IO 30 6.90 1d. 37 Id, 
4 IO 20 6.09 II.47 I2 
7 se 10 5-38 5.38 6. 
oO O O O O oO 








been assisted by Miss Alice Worsley. It will suffice to give the 


percentages of blue stimulus (@ = 9.124: 7 = 1.02022). 

It will be observed that the progression is nearly arithmet- 
ical. Buta strict arithmetical progression does not give satis- 
factory results. 
for the mid-point, the shading was distinctly less satisfactory. 


Even when 48.5 % instead of 47.5% was taken 


BLUE ON BLACK. 


Stage. Increments. Percentage of Stimulus 
20 10.926 100 
) Re! 10,705 59.074 
16 10.495 75.366 
14 10, 257 67.971 
I2 10.054 57-58 
IO 9.584 47.500 
5 9.655 37.616 
6 9.496 27.925 
| 9.305 15.432 
2 9.124 9.124 
oO oO oO 


In the cases considered in this paper we have positive stimul! 
—excitations due to the white, red or blue on a background 
of black, which may be regarded as incapable of affording any 
appreciable amount of positive stimulation to the retina.’ Wher 
we pass, however, to cases of shading where two positive stimuli 
are concerned (such as white into red, red into blue, orange into 
red) we obtain curves which differ in type from those given 
jable 


( ot think that the Ligenlic odifies the results in any apprecia 
11 do not think that the “igenlicht modifies the results i ny appr 


degree. 
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te 
ae) 
OR 


above. I propose to deal with these in a subsequent paper. 
The experimental results and their discussion are well advanced ; 
and the principle involved appears to support the conclusions 
already reached. It must here suffice to say that the interac- 
tion of different stimuli and the effects of contrast render the 
problem more complex and the curves less simple. 

Leaving on one side therefore the interpretation of the re- 
sults of observation on the mutual shading of colors, or of a 
color and white, which undoubtedly indicate some more or less 
complex mode of interaction, attention may be recalled, in con- 
clusion, to that which it was the main purpose of this investiga- 
tion to determine—the relation of sensation to stimulus in the 
relatively simpler cases of white, red and blue ona black, and 
probably negative, background. Observation seems to show 
that for the phenomena under consideration the Weber-Fechner 
formula cannot be accepted as it standsin the text-books. The 
law that the observations here recorded seem to indicate is that 
equal increments of sensation are produced by zxcrements of 
stimulus in geometrical progression. Still, as we have seen, the 
Weber-Fechner formula is approximately applicable to limited 
portions of the curves in Fig. 2, though in none of the cases, 
even approximately, to its whole extent. But since the major- 
ity of observations which accord best with the Weber-Fechner 
formula have been made within a /mzted optimum range of 
sensation, they would probably not be widely divergent from 
the requirements of the formula which results from my research. 
Hering’s pupils came to the conclusion that, near the threshold 
of visual sensation the stimulus increases in arithmetical pro- 
gression. Now a glance at the curves of Fig. 2 will show that 
the progression near the threshold differs so little from arith- 
metical that it would be difficult by experiments on least observ- 
able difference to determine the departure therefrom. These 
observations also may therefore be held to be in substantial ac- 
cord with the psycho-physical formula which is here suggested. 

No attempt can be made in this paper to correlate the results 
obtained with those reached by previous observers in the field 


of vision. 














A NEW EXPLANATION OF WEBER’S LAW. 
BY THE LATE DR. LEON M. SOLOMONS. 


The theory of the threshold which I wish to present here 
was suggested during some experiments upon the perception of 
sudden pressure changes, and is perhaps best approached from 
that point of view. If to a pressure, s, we suddenly add an in- 
crement, ds, without removing the original pressure, the change 
is perceived, not by a comparison of the old pressure, s, with 
the new pressure, s + ds; but directly as such. The act of com- 
parison upon which Wundt founds his explanation of Weber’s 
Law is reduced to a minimum at least, if it is not entirely 
lacking. Experiments of this kind therefore furnish a means 
of deciding between the two rival theories, or at least of deciding 
against Wundt’s; for the results seem to follow Weber’s Law, 
notwithstanding the fact that there is no comparison of two sep- 
arate stimuli in the process of perceiving the added pressure. 
The experiments, however, suggest a view of the threshold en- 
tirely different from either of the theories. For the objectively 
constant pressure is not sensed as constant at all, but seems to 
fluctuate; undergoing those well known changes which, for 
lack of better name, are called fluctuations of attention. Now 
the whole difficulty in perceiving the added pressure, or the 
pressure change, lies in the difficulty of distinguishing a change 
in the objective pressure from these apparent changes due to 
fluctuations of attention. For the added pressure to be per- 
ceived, and identified with certainty, it must be greater in mag- 
nitude than these normal variations of a constant pressure. It 
seems possible that we have here the true theory of all threshold 
phenomena, or rather the basis of a theory. The explanation 
is to be sought neither in the nature of comparison, nor in the 
quantitative relations between stimulus and brain reaction, but 
in the well known fact of variability of brain activity under 
identical stimuli. The threshold simply measures the range of 
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this variability. Two stimuli must differ by more than the 
range of this variability for their difference to be perceived, 
for the same reason that it is necessary to have a difference be- 
tween two physical quantities you wish to measure greater than 
the probable error of your measurement method, if you wish to 
detect the difference with certainty. A difference between two 
quantities less than the threshold is overshadowed by the varia- 
tions in each. A brief development of the theory follows. 

Assumptions.—The intensity of any brain process depends 
both upon the intensity of the stimulus calling it forth and upon 
the condition of the reacting center. This latter will in turn 
depend upon a variety of bodily and mental conditions which 
are constantly changing. If we represent by the letter / the 
resultant of all these conditions, then we have the formula 
S = /s, that is the intensity of the resulting process, usually a 
sensation, varies as the product of the irritability of the reacting 
center and the external stimulus; the constant of the ratio be- 
ing omitted for the sake of simplicity. When / remains con- 
stant .S is proportional to s, when s is constant .S is proportional 
to 7. The law is analogous to innumerable relations with 
which the other sciences make us familiar. 

The Threshold in General.—Since / is subject to constant 
variation the sensation resulting from any stimulus varies like- 
wise. Accordingly, if we are affected in succession by two 
stimuli of the same intensity sometimes one, sometimes the 
other will seem to be the greater, depending upon the value of 
Jatthe moment. In general one will seem to be greater as 
often as the other, so that if in fact there is a very slight differ- 
ence between the stimuli the judgment will be correct as often 
as incorrect. As this difference increases, however, the pro- 
portion of correct judgments will increase; for as the differ- 
ences in the value of / are of all grades, it will often happen 
that the actual difference in the value of s will counteract the 
difference in the value of / and a stimulus be correctly judged 
as greater than the preceding, though the value of 7 be less. 
For any given difference between the stimuli there will be a 
corresponding percentage of correct judgments, the percentage 
depending upon the extent and distribution of the variations in 
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{ The probability of a given difference being perceived is the 
probability of the difference between the two values of / being 
less than the difference between the stimuli. One hundred per 
cent. of correct judgments will only be reached when the differ- 
ence between the stimuli is more than twice the greatest varia- 
tion of /. 

Weber's Law.—That the least perceptible difference should 
be a constant proportion of the stimulus follows at once from 
the formula. The effect upon .S of a variation in the value 
of / is obviously proportional to s. Weber’s Law has in fact 
innumerable illustrations in the physical world. The vari- 
ability of a quantity which depends upon a variety of other quan- 
tities is always a percentage variability. To take a few of 
many possible illustrations, the volume of a quantity of gas de- 
pends upon its temperature and the volume it would have at 
some standard temperature. The volume changes then pro- 
duced by a change in temperature will be proportional to the 
volume it would have at the standard temperature, pressure re- 
maining constant. The strength of the current developed by a 
dynamo depends both upon the speed of revolution and th 
strength of the field magnets; if either remain constant it is 
proportional to the other. Now the change produced in the 
strength of the current by a change in the intensity of the mag- 
netic field is proportional to the speed at which the armature is 
revolving, and conversely the change produced in the current 
by a variation in the speed is proportional to the intensity of the 
field. If the speed is subject to constant fluctuations—as it 
might be if there was no fly wheel—and one wished to detect a 
change in the intensity of the field by means of the change in 
the current, it is clear that the change would have to be greater 
than the changes due to the variations in speed alone ; and as these 
variations due to change in speed are proportional to the inten- 
sity of the field, the change in the field, to be detected in this 
way, would have to be a constant fraction of itself. It is a per- 
fect analogy to Weber’s Law, where the change in the stimulus, 
in order to be detected as a change in the joint product of stim- 
ulus and irritability, must produce a change in this joint product 
greater than that produced by the variations in irritability alone ; 
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and since the changes in irritability produce changes in the prod- 
uct proportional to the value of the stimulus s, the changes in s 
must be proportional to itself also. Mathematically the rela- 
tion is expressed as follows: The variations of .S due to / are 
given by the equation dS = d/s, while those due to the actual 
change of s by adS= fds. For the threshold these values must 
be equal, which gives / ds = d/ s, whence ds = s d///, or the 
threshold for perceptions of difference is proportional to the stim- 
ulus s, the factor of proportionality being the ratio of the varia- 
tions of / to the value of /—that is the percentage variations of /. 

The Value of the Threshold Ratio.—The last formula gives 
immediately the significance of the threshold ratio. It measures 
not the delicacy of a sense, but its constancy ; it is the variation 
ratio of the irritability. We should expect it to be smallest, 
therefore, not in those senses that are the most delicate neces- 
sarily, but in those where constancy of action is important. It 
is very high in sound because sounds seldom do keep the same 
intensity for long, and the practical recognition of objects does 
not demand constancy of functioning here. Yet the ear isa 
very delicate mechanism, and where constancy is important for 
the recognition of objects, as in the detection of pitch differences, 
the threshold is low—if we may speak of athreshold here. On 
the other hand with the eye, which is normally acted upon by 
stimuli which remain for a considerable length of time, we 
should expect greater constancy, especially where the distin- 
guishing of objects, as in the shades of gray, depends upon it. 
Here accordingly we find a very low threshold. 

The Constant Error.—We have hitherto supposed that / 
and s vary independently, and have not considered the various 
factors that make up /. It is obvious, however, that this will 
not always be the case. Among the factors which determine 
/ must be reckoned the character of the previous stimuli of the 
part of the brain in question, and the length of time which has 
elapsed since. In so far as J depends upon such factors its 
variations will not be distributed according to the law of chance, 
so that one stimulus is treated the same as another, but it is 
possible for the second stimulus, for example, to be always ac- 
reater value of 7. We can not 
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explain any particular constant error until we know more about 
the factors which make up /, but it is clear that among these 
factors there will probably be some that depend upon the position 
of the stimulus, and thus to that extent the law of chance will 
no longer hold for the distribution of the variations, and we 
have a constant error. 

Variations from Weber's Law.—The same considerations 
serve to explain the variations from Weber’s Law. According 
to our formula the threshold varied as the product of the stim- 
ulus and the percentage variability of the irritability. Weber's 
Law should hold, therefore, as long as the variations of the 
irritability remain the same. The threshold ratio will vary as 


soon as new factors are introduced into 7. This means not only 
that conditions must be the same as to fatigue, attention, etc., 
but that the stimulus itself does not affect the irritability of the 
brain. If new factors are introduced into / by the stimulus the 
law no longer holds. It is not surprising, therefore, that th 
deviations should be especially marked at the extremes of in- 
tensity. The fact of adaptation of end organ to stimulus is 
universal that we should be surprised if the stimulus was not 
a factor in the irritability. The general fact of Weber’s Law 
being only approximate therefore is not surprising. The law 
is explained upon the assumption that s and / are independent 
variables, while in fact / is to some extent a function of s. but 
now as to the character of the variations. The threshold being 
dependent upon the variability of 7 is not necessarily either 
raised or lowered by a change in the value of / (unless the 
change is so rapid as to give different average values of / for 
the two stimuli compared). The question is, How we may ex- 
pect the new factors to affect the constancy of 1? 

It will obviously depend both upon the variability of the new 
factor and its actual effect upon the value of the irritability. There 
is one case, however, that is worth considering, because the ex- 
planation it gives of a common phenomenon is peculiar to this 
theory of the threshold. If we consider any brain process as 
made up of a number of constituent processes in separate, though 
similar, brain elements, then the intensity of the entire process 
will be the sum of the whole, and the irritability, as we have 
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defined it, the average irritability of the separate elements. Now 
there will presumably be, among the elements entering into this 
irritability, some which affect the whole group at once and some 
which act separately upon the individual cells. Now so far as 
these latter causes are concerned, their result will be that some- 
times one cell, sometimes another, will be at its maximum irri- 
tability ; and if a very large number of them are stimulated at 
once these variations will neutralize each other, and the resultant 
variability of the whole group be reduced to that due to causes 
which affect all the members of the group in the same way at 
the same time. Other things being equal therefore the vari- 
ability will be at a minimum when the largest possible number 
of cells are concerned in the process, and at a maximum when the 
smallest possible number are concerned. ‘Therefore we should 
expect that the threshold ratio should be very high for feeble 
stimuli, and decrease rapidly at first, more slowly later, as the 
stimulus increases in intensity, and therefore spreads over a 
larger brain area. 

An interesting corollary to this explanation of the variation 
of the threshold ratio is furnished by considering what would 
happen if we could by any means get such control of these in- 
dividual sources of variation as to make them vary synchro- 
nously. Clearly the effect would be to increase greatly the 
variability of sensations from stimuli of ordinary intensity. Now 
just this we seem to have in the phenomena of rhythmical ac- 
cent. The regularity of the stimuli seems to bring the sources 
of variation into synchronism with each other, and thus lead 
to regularly recurring periods of maximum irritability. Part 
of this at least is certainly easy to understand. Among the fac- 
tors which determine the irritability of a cell must be reckoned 
the length of time since the last stimulus. The regularity of 
the stimuli in the case of the rhythm must tend to bring this 
element gradually under control, with the resulting phenomena 
of marked differences in intensity. 

Concluston.—The advantages claimed for this theory are 
that it treats the whole of threshold phenomena together, and 
finds the explanation of Weber’s Law in the facts which account 
for the existence of the threshold. It should be noticed that not 
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only is this variability of the sensation resulting from a particu- 
lar stimulus a very probable fact, and one which we can almost 
claim to observe directly ; but as to be assumed in any case by 
all theortes of Weber’s Law, in order to explain the fact that 
the threshold. is not a definite, sharply defined quantity—to ex- 
plain, in fact, that variability of judgment upon which the error 
method and the method of right and wrong cases are based. 
But once grant this variability and nothing more ts necessary, 
all the phenomena connected with thresholds follow easily from 
this. Both the reigning theories offer simply an zxterpretation 
of Weber’s Law, which does not connect it with other threshold 
phenomena, nor with any other well known psychological or 
physiological phenomena. 

The hypotheses upon the basis of which the law is explained 


are supported by little more than the law itself. They neither 


explain the unknown by the known, nor by an hypothesis which 
has value elsewhere. Thus no simplification is effected, nor is 
the law brought into connection with any other facts. In this 
respect Miiller’s theory is perhaps a little ahead of Wundt’s, but 
not very much; for the special relation demanded between the 
proportion of overflow and effective stimulus is purely gratui- 
tous. The present theory seems to enable us to deduce Weber’s 
Law from the known fact of variability of brain process with 
constant stimulus, and thus to bring the law into connection not 
only with other threshold phenomena, but with such well known 
phenomena as fluctuations of attention, rhythmical accent, etc. | 
have said the known variability of brain process—this is perhaps 
an exaggeration. But the variability of sensation from a constant 
stimulus certainly comes very near ranking as a simple fact of 
observation, and at least itis an hypothesis that we are forced to 
by many different facts; and not one gratuitously invented for 


this special purpose. 
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ELEMENTS OF PSYCHOLOGICAL THEORY OF 
MELODY. 


BY MAX MEYER, PH.D., 


Honorary Fellow in Psychology at Clark University. 


In the following pages I intend simply to describe musical 
facts by laws, not to explain their existence. I have not been 
fortunate enough to discover the cause of consonance, and there- 
fore readers who are interested in explanations only may lay 
aside this paper at once. 

There are plenty of books on musical theory, written by pro- 
fessional musicians, physicists, physiologists, psychologists and 
philosophers. But when one has studied them throughout in 
order to find psychological laws one must confess finally that 
he has not found any. The only investigator in psychological 
literature who hit the right path is Th. Lipps. However, after 
having followed this path a short distance, he turned into the 
common path, more conspicuous because more frequented, 
which crosses the right path many times, but does not lead, as 
that one does, to the top of the mountain, but afger devious wind- 
ings leads back again to the starting point. 4. all the bulky 
books of musicians on musical theory I have sought in vain for 
scientific laws. No doubt, there are laws in those books, but 
they are not scientific, as they are true only in a limited num- 
ber of special cases and contradict the rest. 

The wrong path, much Srequented, which inevitably leads 
back to the starting potnt, is the adoption of the theory that the 
basis of all music ts the so-called diatonic scale, represented by 
the numbers 24, 27, 30, 32, 36, 40, 45, 48. 

From this theory arise all the errors which prohibit the de- 
velopment of a scientific theory of music. The adoption of that 
theory prevented Lipps from carrying his investigations farther. 


7 , , 
rhe same mistake prevented Gurney (in his very good book 


Che Power of Sound’) from solving the problem, which he 
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clearly shows as unsolved, and led him to the conclusion that 
it was ‘hopeless to think of penetrating music in detail,’ be- 
cause he had found no way himself. Still I do not understand 
why he undertook to write a book of 600 pages on music while 


believing that it was ‘* hopeless to think of 


Untwisting all the chains that tie 


> 


The hidden soul of Harmony.” 


The only right conclusion is that the way he followed was 
the wrong one. Unable to explain the real existence in music 
of those notes which have no theoretic existence in the diatonic 
scale, he attempted to explain them in a manner that has become 


-1) 


quite common in recent years, assuming that the place of such 
notes in a musical form, relationship being in abeyance, was 
wholly due to close propinquity. 

The consequence of this theory would be that the tones cor- 
responding to the numbers 10, 11, 12, 11, 10 would result in the 
formation of a melody, 10 and 12 being connected by relation- 
ship, 11 with either 10 and 12 by propinquity. Should the pro- 


2 


pinquity be not close enough, we might take the numbers 30, 


31, 36, 31, 30. To listen only once to such a tune is quite sufli- 
cient to be convinced of the perverseness of that theory. No 
melody can be formed by the help of propinquity. Vo fone that 
appears in music ts really without relationship. The fact that 
some one—without having sought for it—has not discovered any 
relationship between certain notes, does not prove that relation- 
ship is in abeyance. 

Yet Gurney only follows here Helmholtz, who has not found 
any relationship between such tones.’ He says:? ‘It is nothing 
but a step intercalated between two tones, which has no relation 
to the scale, and only serves to render its discontinuous progres- 
sion more like the gliding motion of natural speech, or weeping 
or howling.” Now, I have not the least doubt that Helmholtz 
would really have been delighted to dispense with music ‘ like 
the gliding motion of natural speech, or weeping or howling.’ 

1* Accidentals’ these tones are called by the theorists. But in a real work 


of art there is nothing accidental. 


2 Sensations ot Tone, 2d ed., p. 352 b. 
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Such is the music of cats at midnight, not of mankind. So I 
need not add anything to this argument. 

Stumpf in his most recent publication on Consonance and 
Dissonance’ shows that he believes in the dogma of the diatonic 
scale as strongly as anyone else. 

My investigations into musical theory led me to the conclu- 
sion, that one of the chief errors is the exclusion of the number 7. 
Herzogenberg,’ indeed, tried to introduce the 7 into the theory of 
music. But just where he thought the 7 to be in place, is this 
number obviously in the wrong place. My investigations into 
the question as to whether the 7 really plays a part in music, 
had already led me to final conclusions, when recently I found, 
looking by chance at the English translation of Helmbholtz’s 
‘ Tonempfindungen,’ that similar conclusions had been drawn 
half a century before by H. W. Poole,* then an organ builder 
in Worcester, Mass. In the first two German editions of the 
‘Tonempfindungen’ Poole is not mentioned at all, in the third he 
is mentioned only as the inventor of a new keyboard, not as the 
author of a musical theory. Ellis only in his translation of the 
‘ Tonempfindungen’ thought Poole’s theory at least worth men- 
tioning, although he does not recognize it as true. However 
imperfect and inconsistent Poole’s theory, as stated in his paper, 
appears, he deserves the credit of having first found one of the 
most influential obstacles to the progress of musical theory. He 
seems to me to have made a mistake in so far as he attempted 
to introduce at once his immature theory into musical practice 
and spent his time in inventing new keyboards, which are very 
interesting indeed, but are of little value in improving or devel- 
oping the theory. 

The so-called diatonic scale, which is the basis of all dis- 
cussions in Helmholtz’s ‘ Tonempfindungen,’ was introduced 
into the modern theory of music by Zarlino in 1558. It was 
accepted by Rameau in his ‘ Traité de l’Harmonie,’ 1721. Ac- 
cording to Rameau (and Helmholtz) no numbers play any part 
in music but 1, 2, 3, 4, 5 and 6. This is certainly not a law 

'Beitriige zur Akustik und Musikwissenschaft, 1. 

* Vierteljahrsschrift fiir Musikwissenschaft, vol. 10, pp. 133-145. 

° Silliman’s American Journal of Arts and Sctences, 1850, vol. 9, pp. 68-83, 
199-216. ‘ 
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derived inductively from observed facts, but a dogma, because 
one may, as Poole rightly states, very easily observe that the 7 
acts psychologically in a way corresponding to the action of 2, 
3 and 5, whereas, indeed, with other prime numbers, as 11, 13, 
etc., this is not the case. 

Rameau built up the scale in the following way: He started 
from a certain pitch called tonic, to which in the scale he attributed 
the number 24. Now, because the tones of the intervals 2:3 
and 3:4 besides the octave 1:2 have the closest relationship, 
he added to 24 the numbers 32 and 36, 24:36 = 2:3, 24:32= 
3:4. We shall later see that the mistake here made by him 
was his starting from mere consideration of harmony, without 
noticing that in melody the form of succession, the way in 
which the tones follow each other, brings into existence quite a 
new factor of the greatest importance. If Rameau had consid- 
ered this, he would have found that the tonic of a melody can 
never be represented by the number 24, which contains 3. 
The same error has entered all theories—as far as I know—up 
to this time. Even Poole, although he detected the possibility 
of using the 7, because of his use of harmony as a starting point 
did not see that it is simply impossible to represent the tonic by 
a number containing 3, but stated that the old theory in very 
many Cases was right, whereas really there is not one single 
case where that theory cannot be demonstrated to be wrong. 

We saw that Rameau concluded the numbers 24, 32 and 36 
to be the most important in his scale. Now, since 24: 30: 36 
and 32:40:48 and 36: 45:54 each represent the chord 4:5:6, 
he built up his complete scale out of those numbers, only using 
instead of 54 the half 27:24, 27, 30, 32, 36, 40, 45, 48.' 

From this scale he derived another scale for the so-called 
music in ‘minor’ by beginning from 40 and multiplying the 
first numbers of the ‘ major’ scale by 2: 40, 45, 48, 54, 60, 64, 
72, 50. 


1Rameau’s ‘explanation’ of the wsthetic effect of the relation of pitches by 


the mere physical fact, that sounding bodies usually produce, not a single pitch, 
but several simultaneously (partial tones), does not concern us here any more 
than Helmholtz’s ‘explanation’ of the same effect by ‘identical partial tones’: 1, 
because these explanations do not explain anything but contradict almost more 
facts than they confirm; 2, because our task in the present paper is only to de- 
scribe observable facts by laws, but not to deal with hypotheses. 
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But neither Rameau, nor before him Zarlino, nor after him 
Helmholtz and his followers have thought it necessary to tell 
their readers what facts observable in me/ody justified the use 
of that series of numbers as the basis of a theory of music in 
general—of melody as well as of harmony. We shall in the 
following start from melody, because melody is the only essen- 


aes. 


yng 


tial of music. 
Comparing different melodies with the so-called diatonic 
a scale, we notice that some melodies contain fewer, others more 
notes than that scale. How do these facts agree with the theory 
that the diatonic scale is the basis of all music? To this ques- 
4 tion Helmholtz answers: in the first case the composer has not 
made use of every note, in the second he has added some notes 
in order to render the music more like howling. The only an- 
swer I know is: to base any music on the diatonic scale is a 

: fancy. 

For a long time the tempered scale of twelve equal intervals 
within the octave has been used in music. Rameau, who rec- 


ommends this scale for practical purposes, claims that any in- 


mot 


terval of two successive notes in real music, equal to three- 





twelfths of the octave, ¢. 2., e—a¥# on the piano, has to be re- 


garded theoretically as the interval 5:6, any interval of two 


5 I ne 


F successive notes equal to four-twelfths, ¢. ¢., a—c# on the 
"§ piano, as the interval 4:5, etc., although there are slight differ- 
ences. The result of this assumption has been the theory that 
music is made up out of intervals, 7. ¢., that the intervals be- 
tween the notes immediately following each other are the essen- 
tials of music, causing the esthetic effect. This theory is sup- 
ported even by Helmholtz, although it obviously contradicts his 
theory of the diatonic scale and his doctrine of what he calls 
‘just intonation.’ An example of this theory of intervals is to 
be found in Helmholtz’s statement, that the esthetic beauty of a 
} melody depends on the number of Thirds and Sixths which it 
contains, a statement that lacks any foundation, as Gurney has 
demonstrated.!. We shall see that music is made up, not of 
intervals, but of notes and that the relative pitches indeed cause 
the esthetic effect, but not only the intervals of every two imme- 
diately following pitches. 


"Power of Sound, p. 148. 
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There can be no doubt that the tempered scale cannot be 
made the basis of a theory of music, that theoretic conclusions 
drawn from considerations regarding the intervals of the tem- 
pered scale have no scientific foundation. A scientific theory 
of music can only be a theory describing the laws of music per- 
Sormed in just intonation, but in just intonation that rea//y is to 
be called ‘just,’ not in that seemzng/y just intonation of Helm- 
holtz, which—as can be proved by experiment—does not deserve 
this name. 


THe 4EstTuHetTic LAws or MELODIES, WHICH CONTAIN ONLY 
Two DIFFERENT NOTEs. 

When we hear successively two tones, the vibration rates 
of which are to each other as 2: 3, or briefly speaking, the tones 
2 and 3, we notice something not describable, which I shall call 
the relationship of these tones.’ To understand what is meant 
hereby, the reader may listen to the successive tones 7 and I! 
or II and 10, in which cases he will notice that the two tones 
have no relation at all to each other. We may describe these 
same facts in still another way, saying that in the first case 
(2-3) the two’ tones form a melody, whereas in the other case 
(7-11) they do not. This expression means the same thing, 
although different words are used. 

Beside the relationship, the hearer will observe in the case of 
2 and 3 something else, namely, that after hearing 2 and then 
3, he wishes to go back to 2, ¢. ¢., to hear 2 once more. On 
the other hand, when we hear 3 at first and after that 2, we do 
not wish to hear 3 once more. If 3 and 2 are repeated several 
times in order to prolong the melody built up out of these tones, 
we are satisfied in the case where the melody ends with 2, dis- 
satisfied in the case where the melody ends with 3. Save in a 
few instances, where a peculiar psychological effect is aimed 
at, no melody ¢hat conéains 2 can end with another tone but 2. 


1In the following I shall try to describe the facts in a language as plain ae 
possible, avoiding all dubious terms like ‘fusion’ (‘ Verschmelzung’), all 
flowery, but meaningless phrases, so common in musical esthetics, and all the 
barbarous terms of tne ancient and medieval and even modern theorists, whic! 
are a mere burden to memory, without having any scientific value. 

For the sake of simplicity we consider at first melodies of two different 


notes only. 
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In the case of the tones 3 and 4 the melody must end with 4, 

not with 3; in the case of 4 and 5 with 4, 5 and 8 with 8, 7 and 

8 with 8, 4 and g with 4, 15 and 16 with 16; 2. ¢., the general 

law is: **one of the tones being a pure power of 2, we wish to 

have this tone at the end of our succession of related tones, our 
9] 

melody. 

When we hear a melody built up of the successive tones 3 and 
sors and 7, we observe a relationship similar to that of the cases 
above, but we notice that it does zo¢ make any difference whether 
we hear, ¢e. 2, 3 first andthen 5 or 5 first andthen 3. Inneither 
case do we wish to hear the first tone once more or not once 
more; or better: such a wish, if any, is not caused by the par- 
ticular relationship of these tones. This psychological effect 
is indeed restricted to the powers of 2 (including 1 = 2°). 

That no relationship at allis to be observed with tones repre- 
sented by the prime numbers II, 13, 17, 19, etc., leads to the 
conclusion that only tones represented by the prime numbers 1, 
2, 3, 5, 7 and their composites possess that psychological prop- 
erty. That the 7 cannot be excluded in the case of /wo different 
notes, does not, of course, decide the question whether in the 
case of more complicated melodies—as in real music—the 7 
really zs excluded or not. This question can be answered by 
observation only. So much is certain, that there is no reason 
for excluding the 7 from the theory of music a prior7. We 
shall see later that there are very few melodies indeed which do 
not contain the 7. 

The relationship, which we observe, is closer in some cases 
than in others; ¢. g., very close with the tones represented by 
the numbers 1 and 2, or 3 and 8, less close with the tones 3 and 

‘Lipps (Psychologische Studien, Heidelberg, 1885), who describes these 
facts in a similar. although not in the same, way, has tried to explain w hy these 
facts are facts by the hypothesis, that any sensation of tone is not really a con- 
tinuous sensation, but a series of short sensations interrupted by short empty 
tames. These single short sensations, each corresponding to one single vibra- 
tion, are to be observed, according to Lipps, only in the case of very low tones. 
I have shown in my paper, ‘ Ueber die Rauhigkeit tiefer Tine ’ ( Zestschrift fiir 
Psychologie, 13, p. 75), that there is not the slightest foundation for such a 
hypothesis. Doubtless, regarding explanations of the facts above stated, the 
progress of the physiology of the nervous system in the future will bring us in 


a moment farther than any speculation is able to do. 
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5, or 5 and 7, or 15 and 16. I have tried to bring the different 
relationships intoaseries. It seems to me, that the order of rela- 
tionship within one octave is the following: 1-2, 2-3, 4-5, 
5-6, 4-7, 6-7, 8-9, 15-16, 5-7, 5-9. Whether there is a slight 
degree of relationship in the cases of 7-9 and 14-15, or no re- 
lationship at all, I do not venture to decide. Transpositions by 
octaves do not, according to my observations, cause any differ- 
ence, so that the relationship of 1-3 is of the same rank as that 
of 2-3, the relationship of 3-5 of the same rank as that of 5-6. 
I do not assert that the series above represents quite an accurate 
order of the relationships. However, whether the series is a 
little more or less accurate, is of very little importance for the 
subsequent investigations. I will emphasize further, that when 
I speak of the re/ationship of two successive tones, the order of 
succession of the two tones in the melody is not regarded at all. 

Similarly, we observe in those cases where one of the two 
tones is represented by a pure power of 2, that our wish to have 
this tone at the end of the melody is much stronger in some 
cases than in others; ¢. g., very strong with tones represented 


1 


by the numbers 3 and 2, or 3 and 4, or 5 and 4, less strong with 
tones represented by the numbers 7 and 8, org and 8. How- 
ever we may omit here an accurate determination of the place 
that would appertain to each ratio in a complete series, because 
this does not appear to be of considerable importance for our 
present investigations. 

One question of this kind we may still consider, namely, 


whether in the case of the octave, where the tones are repre- 


sented by the numbers 1 and 2, the psychological effect of the 
melody’s being closed by 1 is different from that when the 
melody is closed by 2. Lipps' asserts that of the two tones 1 


1 Psychologische Studien, p. 132: ‘‘In jedem Ton ist der Rhythmus seiner 
tieferen Octave, nicht der der héheren, vollstandig enthalten. Ist ein Ton 
gegeben, so bedarf es zum Vollzug der Empfindung eines nachfolgenden um 
eine Octave héheren Tones noch der selbstandigen Zweitheilung des durch den 
gegebenen Ton vorgezeichneten Rhythmus. Diese Zweitheilung ist, wie oben 
gesagt, die einfachste rhythmische Leistung. Immerhin ist sie eine Leistung 
Dagegen wird unserem Empfindungs-vermégen gar nichts rhythmisch Neues 
zugemuthet, wenn die tiefere Octave folgt. Darnach muss der Octavenschritt 
von oben nach unten in geringerem Grade als der Fortschritt zu etwas Neuem 
erscheinen und in héherem Grade den Eindruck des sich in sich Beruhigenden, 
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and 2, we prefer to have 1 at the end of the melody. I could 


not convince myself of the truth of Lipps’s assertion and am in- 


clined to believe that he was deceived when he made this obser- 
vation, either by having in mind at the same time a certain 
complicated melody which contains two tonics, but closes on the 
tonic below, or by—what is less probable in this case, but hap- 
pens very easily in psychological observations—yielding to his 
own theory, based on the hypothesis above mentioned, which 
indeed leads to such a conclusion. I have to confess myself 
that, if I exclude all psychological effects of tones other than I 
and 2, 1 cannot detect any difference, whether 1 is at the end or 
; 


2. This justifies my regarding I simply as a power of 2. 


THe CompLeTeE Musicaut SCALE. 

The complete musical scale is the series of all tones, which 
may occur in one melody, however complex this may be. As 
soon as we know the esthetic laws of melodies, which contain 
only two different notes, it is very easy to construe this scale. 
Suppose a melody begins with the tone 5, followed by 3. Now 
we know that if it results in a me/ody at all, the tone 3 can be 
followed only by a tone that is re/af/ed either to 3 or perhaps to 
5 or, if not related to either 3 or 5, perhaps to a further tone 
that is itself related to either 3 or 5. It is impossible, there- 
fore, that the third tone in this melody should be, ¢. @., Ig or 
33, because neither 19 nor 33 fulfills any of these three condi- 
tions. So the third tone can only be a composite of powers of 
2,3,5 and 7; ¢. g., 45, which is related to 5 as well as to 3; 
or 75, Which is related to 5; or 135, if this is followed, e. 2, 
by 9, which is related to 135 as well as to 3 and 5. Generally 
speaking, since relationship of two successive tones is observed 
only in the cases where the tones are represented by composites 
of 2, 3, 5 and 7, we have to draw the conclusion, that a complete 
musical scale cannot contain any numbers except powers of 2, 3, 
5 and 7 and their composites. Still, whereas in the case of only 


} 


. }; Pe — . om Z ™ . . . 
‘wo aitferent notes the numbers representing possible tones are 


also endgultig Abschliessenden machen, als der von unten nach oben. Dass es 

in Wirklichkeit so ist, kann nicht bezweifelt werden.’’ I regret that from my 
wl hceerw ; . 

own observations I am compelled to doubt this. 
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—according to observation—vestricted to the numbers of cer- 
tain ratios enumerated in the above series of relationships, there 
can of course be no restriction if the melody can contain an un- 
limited number of different notes. /. ¢., the complete musical 
scale ts represented by the infinite sertes of all composites of the 
powers of 2,3, 5 and 7. We find the beginning of this series 
in the table on page 251, if we omit the numbers of the lowest 
line, save 2°, and read the table from the bottom to the top. 
Actually, of course, no music will ever make use of an znfinzte 
number of different notes; if for no other reason than that the 
life of a man would be too short for such a performance. We 
need not, therefore, continue the series farther than actually ex- 
isting music requires. I have found the series to suffice when 
continued up to 1024. Besides, in the table, I have omitted of 
5 all higher powers than 5° and of 7 all higher powers than 7 
itself, because I have found no case where these omitted powers 
of 5 and 7 are used. This is interesting when compared with 
the fact that of 3 much higher powers are used, and that 9 = 3 
appears even in ratios that represent direct relationship, an 
that of 2 a// the powers are of absolutely equal value with re- 


spect to relationship. 
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The numbers in the table, which of course represent re/a- 
tive pitch, are brought into connection with an absolute pitch by 
arbitrarily calling c the pure powers of 2. In the line below the 
musical names are the numbers which—compared with the 
octave 512 to 1024 in the complete scale—represent the pitches 
corresponding to the system of 12 notes in equal intervals within 
the octave, a system that is generally used with instruments of 
unalterable pitches, as on the piano. Below this line we see 


the powers of 3, 5 and 7, of which the numbers of each column 


are composed. 

In the following I shall make use of a simplified method of 
numeration. A// pure powers of 2, as 1, 2, 4, 8, 16, 32, etc., 
will be represented equally by 2. All composite numbers con- 
taining a power of 2 will be represented without the power of 
2. So J always shall write simply 5 tnstead of any of the num- 
bers 5, 10, 20, 40, etc., g instead of 9, 18, 36, 72, etc., 27 in- 
stead of, €. &., 432, 21 tnstead of, e. g., 336, etc. The ad- 
vantage of this method will show itself." Zhe bottom line of 
the table contains the numbers which are used to represent i 
my theory any of those numbers which are different only 


powers of 2, 7. ¢., any of the numbers of the same column. 


ANALYSIS OF COMPLEX MELODIEs. 


We are now sufficiently prepared to pass on to the analys 
By ‘complex melodies’ I mean melodies 


of complex melodies. 
which contain tones not related to each other, or, better, tones 


th; 


related to each other not directly, but by mediation of a th 


ere | 
ii 


tone, so that, as we shall see, the melody must /heoretically 


dissolved tito partial melodies. We shall analyze a number of 


well-known melodies and derive from them ¢uductively the law: 


of construction of complex melodies. 
Our first task must be, to determine exactly the relative 


pitches which the composer meant in a certain melody. The 


'T ask the reader, if he wishes to understand my theory, to bear it 
that according to this numeration g: 3 is identical with 3:2, although 
metically 9:3 3:1. Butin my theory it is necessary to regard I as a powe 
of 2 and to repre sent I is all powers ol 2—by the number 2. Just so is 75 Is 
(which in absolute numbers may represent, ¢. g., 150:240 or 75:30) identica! 


> 


with 5:2. 
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common musical notation, the historical development of which 
must be understood, does not give the pitches exactly, but 
approximately. In order to determine the pitches meant by the 
composer, we must have an instrument that gives @// posszble 
pitches, so that we only have to choose among them. Those 
organs which have hitherto been built by Helmholtz and others 
in order to compare Helmholtz’s ‘just intonation’ with ‘ temp- 
ered’ intonation, cannot serve our purpose, because they do not 
contain all possible pitches, as represented in our table of the 
complete scale. By the aid of Clark University I have been 
able to construct a reed organ that gives exactly the pitches of 
] ] 


the highest four octaves (64-1024) in the table. The absolute 


pitch of this organ has been arbitrarily chosen and is identical 
with the numbers in the table representing the relative pitches, 
so that the lowest reed gives 64 (complete) vibrations in a second. 

By the help of this organ it is, in most cases, very easy to 
determine what pitch is meant by the composer. In very rare 
cases only is there doubt which of two (or more) possible pitches 
produc es the better ewsthetic eftect. “The reeds, however, have 
to be voiced carefully, lest the observer should form a wrong 
judgment through peculiarities of the quality of certain reeds. 
Besides one must be aware of the tendency to deviate a little 
from the numerically right intonation,’ the cause of which has 
not yet been made quite clear. Such a tendency, however, is 
not likely to have affected my observations, because the smallest 
differences of pitch in the complete scale are considerably greater 
than the average error caused by that tendency. 

All melodies represented by musical notes I shall transpose 
(if necessary) in certain ways, without regard to the notation 

h 


(t 


(the ‘ key’) used originally by the composer. This transposi- 
tion causes only a difference in the absolute pitch of the melody, 
a difference which does not at all concern us here. The reader 
will see at once that this transposition enables us to use in any 
example the same mustcal name for the same number represent- 


ing the relative pitch. 


* ©. Stumpf und M. Meyer, Maassbestimmungen iiber die Reinheit conson- 


anter iterve > 7 pe) ~ +f Ron . : rus pe 
anter Intervalle. Zeitschrift fiir Psychologie XVIII., pp. 321-404; and Stumpf's 


Beitriige zur Akustik und Musikwissenschaft, Heft 2 
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Before I begin the theoretical analysis of complex melodies, 
I shall give in musical notation with the theoretically corre- 
sponding numbers an example of a simple melody, @. ¢€., a mel- ' 
ody, any tone of which is related to any other tone. Our ex- 


ample is taken from Beethoven’s ‘ Fidelio.’ 


I. BEETHOVEN, FIDELIO. 

Above the notes are set the theoretically corresponding num- 
bers. According to my method of numeration two different 
pitches are represented by the number 2. These Pitches repre- 
sented by the number 2 [ shall call ‘tonics.’ So our melody 
starts with a tonic, and passes to 3,'a movement which causes a 
strong wish to go back toatonic. This wish is not granted, 
but the melody passes toa closely related tone 5, that strengthens 
the wish to go to a tonic 2. The melody then, indeed, gor 


over to 2, but only in order to leave it again and to pass by 
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that causes rather a strong wish to go toa tonic, to 3, that causes 
a very strong wish to go to a tonic. However, this wish is not 
satisfied. The melody passes again to 5, back to 3 and now to 
2. But 2 is left again fora short time and replaced by 3, whence 
the melody finally surrenders to 2. This last movement over 
3 back to 2 is repeated twice. 2 has won the battle and_ the ; 
hearer is wsthetically satisfied. 

Such a simple melody as that above is not often used in music. 
It serves, because of its simplicity, very well as a signal, fo1 
which, indeed, it is used in Beethoven’s opera. A complex 

1To this pitch 3 I do not give any name, least of all the name ‘dominant 


because such a name cannot be scientifically justified. 
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melody is the following tune of Silcher to Uhland’s poem ‘ Der 
gute Kamerad.’ 
Il. StpcHER, DER GUTE KAMERAD. 
The melody starts with 3. The hearer of course—granted 


that the melody is unknown to him—cannot guess whether the 


") 


pitch heard is a tonic or not. From 3 the melody passes to 2. 
Now the hearer wishes to remain at this pitch.’ But the melody 
passes to 5 and from there to 9, which is related to 5 and 2, 
although not very closely. From 5 as well as from g, more 
from the former, less from the latter, the hearer wishes to go 
to 2. This wish is granted, but after some time has passed 2 
is left again and is replaced by 3. For a short moment the 
melody passes back to 2 and thence to 9; from 9g not back to 2, 
but to the related tone 5 and from 5 to the related tone 3° Al- 


gh 3 is not 2, some rest on 3 causes the hearer a certain 


thoug 3 “3 
amount of satisfaction, because the 9, which he has met several 
times, is to 3 as 3: 2 (according to my numeration). A num- 
ber like the 3 in this case I call a secondary tonic. From 3 
the melody passes to 21, which is to 3 as 7:2 (2. €., 3 appears 
as a secondary tonic), so that the hearer wishes to go back to 3. 
Instead of such a movement the melody passes to 5, which is 
closely related to 3, but not at all to21. Weshall see that this 
is very common in music, viz., that ‘he melody instead of pass- 
mgloa pitch, to which the hearer expects it to pass, passes to 
another pitch, but One closely related to the expected pitch. 
Now, with 5 the melody cannot end, because the tonic 2 has 
been heard already, and in such a case the hearer expects the 
melody to end with a tonic; otherwise he would not be asthetic- 
ally satisfied. After a series of further movements the melody 
indeed ends with 2. 

We may simplify this melody by reducing it to the relative 
pitches of that melody of Beethoven, 2, 3 and 5. ‘The first 
part of Silcher’s melody is then represented by the numbers 3, 


? , 


“9 S93 “~*s 


> 2, 5, 3, 5, forming by themselves an unfinished 


, 

. me ] 
melody Fr he remainine pitc eal . 
nelody. rom the remaining pitches with 3 we get the following 


1 : , °1] . P . . one ; 
[hope that no one will raise the objection, that the hearer will probably 
suppose the melody to be yet unfinished and so will certainly wish to hear the 


rest, 
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melody: 3, 9, 3; 9; 3, 21, 3. Why TI have added to the re- 
maining pitches the last 3 will be seen at once. If we divide each 
number by 3, we get 2, 3, 2, 3, 2, 7,2, a complete melody with 
tonics, ending with a tonic (which in the compound melody I 
calla‘ secondary tonic). This second melody is interwoven with 
the first one, 3 in both cases being of identical pitch. We have 
to lay stress on the word ‘interwoven,’ because in books on 
musical esthetics we often find an opinion formed, as if a 


melody were always composed of smaller parts by simply filing 


Northen 3 2 5 F Y 2 3.2 9 
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them together. The possible ways of combining melodies such 
as those above, are of course almost infinite in number, and we 
cannot discuss all possibilities here. One point only will I 
mention. I added to the second partial melody the last 3 in 
order that this melody should end with its tonic. In the com- 
pound melody it is not necessary that this last pitch should be 
really heard; it may be replaced by a closely related pitch (5), 
which must be a pitch of another partial melody (in our example: 
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of that partial melody that carries the tonic of the whole). 
Similar instances are innumerable in music. We shall see that 
there is a general law, that ¢he /ast tone of a partial melody 
may be left out, if tt can be replaced by a tone closely related 
to the tone omitted. This however is but a special case of the 
more general law mentioned on page 255. 

Below the notes in our example II. the numbers are to be 
found that represent the same melody according to the old 
theory (Zarlino-Rameau-Helmholtz). Yet here also the powers 
of 2 are omitted, in order to make the numbers more easily 
comparable. We notice that in the old theory a pitch is repre- 
sented by 2, which is no tonic, but may even be left out entirely 
without changing greatly the character of the whole. But the 
tonic itself is represented by 3, and the melody ends with 3. 
According to that theory we have not several partial melodies, 
one interwoven in a highly artistic way with another; but we 
have simply a number of pitches, arbitrarily taken from a‘ scale’ 
and composed—not into a melody, of course—but into a suc- 
cession of pitches, in the same manner as a bricklayer builds a 
wall out of bricks, where it is quite indifferent whether he takes 
first the one and then the other; or the reverse. When I say 
‘not into a melody,’ I do so, because ¢he most elementary psy- 
hological law of melodious succession by that theory ts simply 
neglected, viz., the law, that no hearer is satisfied, if after hav- 
ing heard once or more the tonic 2 he does not find 2 finally at 
the end of the melody. 

When we compare the numbers of the new theory with 
those of the old one, we see that in the new theory the value 
of most of the numbers is one-third of that of the numbers of 
the old theory. In order to compare the intonation correspond- 
ing to the numbers of one theory, with the intonation corres- 
ponding to the numbers of the other, we may multiply all num- 
bers of the new theory by 3. Then—in our example II.—the 
numbers of both theories are identical, except in the case of /, 
which in the new theory is represented by 63, in the old theory 
by 64. Now, it is easy to make the experiment of playing the 
same melody with 63 (according to the new theory) and again 
with 64 (according to the old theory). In the first case the 
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melody sounds all right. In the second case the hearer has an 
impression similar to that experienced when he looks at a paint- 


ing totally misdrawn. As soon as one hears 2 (64) he expect 


this to be a tonic, but his wish to have the melody end with this 
tone or an octave of it, will never be satisfied. The succession 


of pitches does not end on the note that appeared by its intona- 


| 
| 
i 
; 
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tion to be a tonic, but on another one. And this is called ‘ just 
intonation’ by Helmholtz and his followers. 

However, Lipps has gone still farther and pretends to have ' 
derived from that ‘ just intonation’ a general psychological law, 
viz., the law, that from the preceding 2, the tone 3 becomes ‘ in 
a higher degree the proper aim of the movement.’' This 
similar to saying of Napoleon: from his previously being em- 
peror, ‘Elba’ became ina higher degree his proper aim. In 
order to support his theory Lipps cannot bring forward a1 
argument but the following: **Wenn zwei sich streiten, tr 
sich der Dritte,” 3 in this case being ‘ the third.’ However rig 
this proverb in general may be, it has no place here, because a 
fight of sensations of tone has never been observed. 

One of the errors of the common theory is the presumption, 
that each note of a melody (save those which only serve to 
render the music more like *‘ howling’) must have a direct re] 
tion to the tonic. Yet the 21 in our example has no direct rela- 
tion to the tonic 2. Of course, 21 could not have been used 
this melody but for its relation to 9 and its still closer relation to 
3, which is to 21 as 2 is to 7. That the note, represented in the 
new theory by 21, has no relation to the tonic, has, indeed, 
always been recognized by unprejudiced musicians. Since the 
acceptance of Zarlino’s diatonic scale they wondered only how 
this was possible, although the interval was a ‘ fourth,’ repre- 
sented by the ratio 3:4. They did not see that what is called 
a ‘fourth’ in music, ¢s not one interval, bul several quite differ- 
ent ones, sometimes 3:4, sometimes 16: 21, sometimes still others. \ 
We shall see in the following, that music makes extensive use 
of pitches which have no relation to the tonic, but which, to- 
gether with one or more pitches related to the tonic, form a 
partial melody, interwoven with the other partial melody that 


contains the tonic. 


) 


1Th. Lipps, Psychologische Studien, p. 135. 
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Ill. BeeTrHoven, Das BLiiMcCHEN WUNDERHOLD. 


The above tune of Beethoven’s begins with 3, 5, 2. Then 


follows 27, which has no relation to the preceding tonic 2, 


although it does have to 3, the first note of the whole melody. 


This 27 following 2 affects the hearer like an enigma, because 


of the lack of relationship. The solution of it is given at once 


by 9 and 3, which form a melody with 27 (3 being a secondary 


Hows theory 3 5 2 27 9 3 














tonic) and which at the same time are closely related to the 
A detailed description of the fol- 


preceding melody 3, 5, 2. 
The reader will find there mus- 


lowing is scarcely necessary. 
ical forms similar to those in the previous examples; similar 
forms, but not exactly the same, for even such a small number 
of different pitches allows an almost infinite number of melodious 


combinations. 
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IV. Irtsu Forxk-Sonec. 





The above melody may be easily analyzed by the reader, 
except that part where g# occurs. Our table shows for g 
the numbers 25 and 4o5. When we play the melody with the 
one or the other of these tones, we have a decided preference 


or 405. With the succession of the tones 2, 15, 


27> 495; 2775 
5, 2 the melody obtains quite a peculiar color. From the first 
IS, 2 the melody obtains quite a pecullar color. rom the firs 
. ; | 


t 


mentioned 2 the melody passes to the related tone 15, so that 


the hearer wishes to return to 2. The melody does not re- 
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turn, but passes from 15 to the related tone 27 (15: 27 = 5:9); 


t. ¢., to a tone that has no relation to the expected tone 2 


Moreover, on 27 as a secondary tonic the partial melody 27, 
405, 27 (separately 2, 15, 2) is built up, of which tones none 
has a relation to 2. The psychological effect of all this is 
similar to that of a dangerous situation out of which one sees 
no way. Yet very soon there appears relief. From 27 the 
melody passes back again to the related tone 15, whence it re- 
turns to the tonic 2. 
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The melody is followed by the series of tones in musical no- 
tation, of which tones it consists. The cross below g # means 
here as in all cases, where it occurs in the following, that the 
corresponding pitch—according to the old theory—has no rela- 
tion to the melody, but ‘ only serves to render the melody more 
like howling.’ A further proof of the worthlessness of that 
theory is to be found in the fact that this note—as we saw above 
—has a certain definite intonation, whereas a slight difference 
of intonation could not have any considerable effect, if the note 
were only to render the melody ‘ more like howling.’ 


A remarkable fact is that this melody contains no 7. 


V. Mozart, Don GIOVANNI. 
In this case the melody begins with a tonic, but the first part 
(four bars) ends with 3. This would not be remarkable at all 


in itself, but the way by which the melody arrives at 3 shows 
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that it originated in the mind of a master. From 2 the melody 
passes to 27, that has no relation to 2.. This movement affects 
the hearer in the manner mentioned with example III. After 
27 we hear g, which leads us nearer to the tonic. Now we 
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might replace all the notes in the third bar by 9g and so Pass 
directly from g to 3, still nearer to the tonic. Here Mozart in- 
troduces the partial melody 15, 63, 9, 3 (not 15, 2, 9, 3, as the 
theory of the diatonic scale supposes), where 3 is a secondary 
tonic, so that this partial melody separately may be represented 
by 5, 21, 3, 2. That the whole of the first four bars ends with 
the secondary tonic 3 of a partial melody gives the hearer sim- 
ultaneously some satisfaction and dissatisfaction: satisfaction, 
because of the partial melody ending with its tonic; dissatisfac- 
tion, because this part of the whole ends with a strongly ac- 
centuated tone, that is not the tonic of the whole, but on the 


J) 


contrary the tone 3, which causes a particularly strong wish to 
go to the tonic 2. Now, only, is the final return to the tonic 


} 
/ 


capable of producing the immense esthetic effect of this melody 
of Mozart’s. The old theory does not tell us anything of all 
this. According to that theory, the whole beauty is caused 
simply by the pitches being taken from the diatonic scale. 
Then indeed it is difficult to understand why other melodies, 


‘ 


the tones of which are also taken from that scale, are not just 
as beautiful. 


VI. BEETHOVEN, Sonata, Op. 14, No. 2. 

The first part 3, 3, 75, 5, 15, 2 of this melody ends with a 
tonic. It contains the partial melody 75, 5 (15, 2) with 5 asa 
secondary tonic. ‘The second part is a partial melody (sepa- 
rately represented by the numbers 3, 3, 9, 75, 15, 2), built up on 
g asasecondary tonic. This partial melody itself has to be an- 
alyzed again, the melody 675, 135 (separately 5, 2) being a par- 
tial melody with 135 as a secondary tonic. The old theory 
represents the second part of Beethoven’s melody by 5, 5, 15, 
2,1, 27- 

In the third part the melody, passing through a number of 
smaller partial melodies, touches 2 several times and finally closes 
with 2. The last notes are 3, 21, 15, 2. There we may ques- 


3 
the 2. Some theorists have alleged that the mere movement 


ame 


tion why the 3 above the 2 has been used and not the 3 below 


of ascent and descent of the pitches, even without any relation- 


It 


ship, is an important factor of the «sthetic effect of music. 
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is possible, indeed, that ascent and descent have a slight #s- 
thetic effect. However, I have not observed this effect myself 
nor has any one else, and so I must regard its alleged importance 
as lacking any proof. What I have observed, is the following : 
Suppose the composer intends to form a melody of two different 
tones, one of which is absolutely given, ¢. g., 2 ina certain 


pitch, but the other is determined only by its number, é. 2, 3, 





Moths, I SF 2X 81 Gs W59 GA F 





008 Hor 99 TW HW FS FW ATT? 15 
IQUGMWZ MIMI 22 GYR 
2 









wow F 9k Gk WHI TUE 





HRISHB2|AS WH 2® WH 





53992473 | 2 9 F HF S 
9 5 8 26553 MW W2 Y 





IIb & 
[bre] + 





eet ee 


2a tt «65 2 9 9 0 3 2 WH 2 
Fic. 6 
™ so that several pitches, ditfering by the interval of an octave, 
& ° a y . ° 
Be are possible. In such a case, if there is no particular purpose, 
. that 3 is used whichis nearest the given 2,7. ¢., the 3 below. 


Yet when not only the 2 is given, but another tone too, eé. g., the 


5 7US 


st above the 2, and 3 (without determined pitch) has to be 
added, 
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2 is used, the melodious unit of the three tones 2, 5 and 3 is 


:) 


solved and two partial melodies (composed of 2 and 3 and of 2 


When the 


and 5), interwoven with each other, are the result. 
composer desires a complex form, he has to use in this case the 
3 below, when he desires a simple form, the 3 above. 

If Beethoven at the end of the present melody had used t 
3 below the 1, the whole of the last four notes would act upon 
us as a combination of the two partial melodies 3, 15, 2, and 3, 
But in the present 


he 


21, 3, the latter interwoven into the former. 
form the last four notes act upon us as a combination of the par- 
tial melodies 3, 2, amd 21, 15, 2, because 3 by the greater dis- 
tance has been severed from 15 and 21. The second partial 
melody 21, 15, 2 in this case is again composed of two partial 
melodies, viz., 21, 15 (separately 7, 5), and 15, 2, so that, by 


this use of the 3 above, the whole form of these four notes has 


been changed. 
Another case of this kind is the separation of the 21 from th 


preceding g inthe third bar. The 21 forms a partial melody 


with the fol/owing g of the fourth bar. 
Gurney says in his ‘ Power of Sound’: ‘* the ascent from the 


ich 


dominant to the tonic above, the descent to the tonic below, ea 


seeming right in its place, while in a form that was worth any- 
thing either would be resented as a substitute for the other.” We 
have seen above that this fact is not so wonderful and beyond 
human understanding as Gurney assumes it to be. Of courss 


it is not impossible to exchange a 3 or any fone of another num- 
ber for an octave of 7t; yet in some cases the melody ends better 


with a simpler, in others better with a more complex form. 


VII. BrETHOVEN, 4. SYMPHONY. 


In the above melody I wish to call the reader’s attention to 
of the third and fourth bars, 


455 35 25 
to the olc 
This form has to be regarded as com- 


f 


the melodious form 5, 45, 
8 1 theory, would be nothing 


which form, accordin 
more than ‘ howling.’ 
posed of the melodies 5, 45, 3 and 45, 25 (separately 9, 5 

The following 27 is then connected with this form by the rela- 


tion of 27 to 3. I have tried on the organ above mentioned to 
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Gnd whether in the case of g # 25 is right, or 405, which with 
° . . ™ 7 > . mmrANY: > , > »] r 
the following 27 would form a melody (separately the melody 
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15, 2). 25 appears to me to yield a better asthetic effect than 


VIII. BeEetTuoven, 6. SymMPuony. 


The first part of this melody is a partial melody (separately 


NM 


represented by the numbers 2, 3, 5, 2, 35 5s 25 35 55 25 35 2) 
with 27 as a secondary tonic. The second part is a partial 
melody (separately 3, 2, 2, 3, 2, 2, 3, 2) with 9 as a secondary 
tonic, so that the movement from the first secondary tonic to 
the second is identical with a passage from a3 to a2. The 
next partial melody 9, 15, 9, 9 (separately 3, 5, 3, 3) isa melody 
without a tonic. From this we arrive at the last part, which 
contains the primary tonic 2. The first three bars of this part 


are composed very simply of 2, 3 and 5. Three times the 
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melody touches 2; but when 2 is expected again for the fourth 
time, 21 is heard, which has no relation to 2. The psycho- 
logical effect of such a movement has already been mentioned. 
Yet 21 is followed by 9, which is related to 21 as well as to 2. 


This melody of Beethoven’s is an excellent example for those 
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readers who wish to convince themselves of the truth. 
only advise them to play this melody in the intonation corre- 
sponding to the new theory and to compare it played in Helm 
holtz’s ‘just intonation,’ which—when the hearer is aware ot the 


intonation—annihilates the whole esthetic effect. 
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h IX. ScuusBertT, HEIDENROSLEIN. 

a . . * . . . - . 
Schubert’s ‘ Heidenréslein’ is a very complex piece of music. 
The first part is a comparatively simple melody, which ends 


a secondary tonic 


and is separately identical with 9, 21, 5, 9, 2. The third part 


with atonic. The next part contains g as 


contains 3 as a secondary tonic and is separatelv identical with 
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2,9, 2,15, 2,9, 5,2. This 3, the secondary tonic of the third 
part, is to the primary tonic 2 in closer relation than in the pre- 
vious secondary tonic g, so that after having left the primary 
tonic 2 for g, the secondary tonic of the second part, we gradu- 
: ally approach the 2 again. The fourth part is a melody with- 
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out a tonic, but begins and ends with 3, so that it is closely 
related to the third and fifth parts. The fifth part leads back 
to atonic 2. The sixth part begins with some tones not related 
to 2, which remind us of the second, third and fourth parts of 


the whole melody. These tones are connected with the fina] 


tonic by means of the following 9. The old theory, of course, 
cannot tell us whence originates the extraordinary esthetic 
effect of this comparatively brief song. The old theory is un- 
able to detect the complexity of form of this melody, which dis- 
tinguishes it from trivial melodies, the simple forms of which, 
heard a thousand times, we get tired of. 

Yet for a song that is really so complex as this one of 
I have 


+ 


found indeed that people, who were not sufficiently trained to 


Schubert’s, the accompaniment is of great importance. 


pay attention to the accompaniment, did not appreciate the 
zesthetic value of Schubert’s song. However, this paper being 
devoted to melody only, I will not go into discussion of the har- 
monies. I hope I shall be able to publish my investigations 
into harmony soon in another paper. 


We shall analyze now a second, rather different class of 
melodies, viz., melodies without a tonic. Instances of. such 
melodies have been found already in some partial melodies 
within the preceding examples. In this second class of music 
we find many instances of partial melodies containing a second- 


5 


ary tonic, but we do not find any primary tonic 2. 


X. GERMAN CHORAL. 


In this melody there is no pure power of 2, 7. ¢., no pri- 
mary tonic according to our definition of a tonic. But ther 
are secondary tonics. The melody has been harmonically 
treated indeed, by musicians, as if 63 were a tonic (identified 
with 64). However the esthetic effect of the melody itself 
destroyed by this, although I will not deny that many a heare: 
in spite of the destruction of the melody may be much pleased 
by the successions of harmonies offered by the composer in- 


stead of the melody. 
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XI. WAGNER, LOHENGRIN. 
The above well known melody from Wagner’s Lohengrin 
another example of a melody without a (primary) tonic. This 


The previous melody ends with 15. We 
There 





is 
melody ends with 25. 
shall find other melodies end with still other numbers. 
is not such a law, that a melody without a tonic must inevitably 
end with a certain number, as in the case of a melody with one 
(or more than one) tonic, where the last note of the melody 


must be a tonic. 
XII. Otp GERMAN SonG. 
This melody ends with 5. The old theory, which calls the 

* 2 3 

last note of any melody the ‘tonic’ or ‘ key note’ —although 
there is no complete agreement on this matter—would regard 5§ 
to be the key note in this case; and since the Major Third (25 
of 5 does not appear in the melody, but the Minor Third (3) 
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does, the old theory would say that this melody is a melody 


‘in minor.’ Now, according to the theory mentioned above, 
the 


which Herzogenberg has brought forward, the interval of 


i Minor Third of the key note would have to be represented by 
t 3:7. The whole melody then would be represented by the fol- 
i J ) 
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lowing numbers: 27, 9, 55 21, 95 1355 9s 55 9s 275 21,55 21, 9; 
53 9 7, 21, 55 21, Q- I have tried in 


is case as well as in others the intonation corresponding to 
Herzogenberg’s theory. The result of this examination is, that 


| have no doubt that Herzogenberg’s theory in general is wrong. 


XIII. LirnuvuAniAn Fouk Sone. 


I tried first to represent the above melody by numbers in 
such a manner that the last note corresponds to 2. Yet the 


melody sounds out of tune in that intonation. The intonation 


that corresponds to the above numbers appears to me to be the 


right one. So this melody proves to be a melody without a 
tonic, ending with 9. 

How the lack of a primary tonic in the melodies of the 
second class, the want of a tonal basis at the end of the melody, 
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acts upon the hearer, is well known by every music lover. 

[his peculiarity of the wsthetic effect of these melodies is 


readily understood from our theory. It cannot be understood 


from the old theory. 

I regret that I cannot add to these examples an Arabian 
melody containing a ‘quarter tone.” Many Arabian ‘scales’ 
vith a quarter tone are to be found in different books. Yet these 
scales are worthless for the science of music. I have been unable 
to detect any real melody containing a quarter tone, although 
there is no doubt that such melodies are used in the Orient. Ac- 
cording to my theory there is nothing wonderful in the 
, a melody built up of the 


fact ol 


a quarter tone ina melody. &. g: 
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tones 35, 9, 5, 21 may contain a ‘ quarter tone’ of the interval 
35: 30. 
SUMMARY. 

1. When we hear a succession of different pitches we are 
affected in a certain way, which cannot be described, but has 
to be regarded as an elementary psychological fact. We may 
express this fact by saying: we observe with different ratios of 
the vibration rates a different relationship of two successive 
pitches ; in certain cases we observe no relationship at all. 

2. We call the relationship close when the ratio of the vi- 
bration rates consists of small numbers; remote, when the 
ratio consists of large numbers. In this respect, however, we 
should bear in mind that any power of 2 has an exceptional 
position. 

3. The order of relationship within the series of related 
pitches seems to be the following (using my numeration above 
described): 2-2, 2-3, 2-5, 3-5, 2-7, 3-75 2-Q, 2-15, 5-7, 5-9. 
Whether there is a slight degree of relationship in the cases of 
7-9 and 7-15, or no relationship at all, I do not venture to de- 
cide. Neither dol assert that the series above represents an 
accurate order of the relationships. In all other combinations 
of the powers of 2, 3, 5 and 7 there is only an indirect relation- 
ship by mediation of a third tone, so that we have to dissolve 
the melody into partial melodies. 

4. No relationship—as far as I know—has ever been ob- 
served by any human being in the case of prime numbers higher 


than 7, as II, 13, 17, 19, etc. Relationship is to be ob- 
served only with pitches represented by the relative numbers 2, 
3, 5, 7 and their composites. 

5. When of two different pitches forming a melody one cor- 
responds to a pure power of 2 and the other to one of the num- 
bers 3, 5, 7,9, 15 (neglecting all powers of 2), we wish to hear 
2 at the end of the melody, and we are esthetically dissatistied 
until our wish is granted. The power of 2 in such a case we 
may call ¢ tonic.’ 

6. All melodies, simple or complex, are to be divided into 
two classes, those with a tonic and those without a tonic. 
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7. Complex melodies, as commonly used in music, may be 
composed of simple melodies either by simply filing them to- 
gether or by more or less artistically interweaving them into 
each other. 

8. Very common in music is the particular wsthetic effect 
produced by the following movement: The melody instead of 
passing to a pitch to which the hearer expects it to pass, passes 
to another pitch, but one closely related to the expected pitch. 
A special case of this movement is: the last tone of a partial 
melody being left out and replaced by a related tone. 

g. Of all tones (‘octaves’) that have a certain relation, 
aimed at by the composer, to a given tone, that tone is used 
which is nearest the given tone. The effect of another ‘ octave’ 
being used is: the change of a simple melody into a complex 
one. 


10. The ‘quarter tones’ of the Arabs are no exception to 


» general psychological laws of melody. 
No observati has bee ade that would iustify the 
II. ING ovoservation has been made that would justify the 
‘xclusion from the theory of music of the number 7. On the 
ontrary, observation proves that the exclusion of the 7 is im- 
possible. 
12. The musical terms ‘ Major,’ ‘ Minor,’ ‘ Dominant,’ ‘ Sub- 
Dominant,’ have only a historic, no scientific value. Neither 


have the ancient and modern ‘scales’ any scientific value. 
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INDIVIDUAL TESTS OF SCHOOL CHILDREN. 
BY E. A. KIRKPATRICK. 


In connection with tests made upon about five hundred 
school children to determine defects of sight and hearing, | 
made a few other tests that may be of interest to this Associa- 
tion, which has devoted considerable time and some money to 
formulating a series of individual tests for college and univer- 
sity students, with the idea that a test of ability, better than an 
examination test, or supplementary to such atest, may be found. 
Such a test is needed more for public school children taan for 
College students, and it is reasonable to suppose that accuracy 
and rapidity in the simple sensory and motor activities would 
be a better indication of general ability in school children than 
in College students, whose activities are more complex and less 
concerned with simple sensory and motor operations. The re- 
sults of the preliminary tests thus far made, which are to be fol- 
lowed by others, are not conclusive, but only suggestive of what 
is required in the way of standards and of what may be hoped 
for in the future from such tests. 

The tests used were: First, counting aloud as rapidly as 
possible for ten seconds. Second, making vertical marks as 
rapidly as possible for the same length of time. (The time it 
took the pupil to count the marks he had made was also re- 
corded.) Third, sorting twenty-five cards into four piles ac- 
cording to oral directions by the numerals one, two, three and 
four. Fourth, sorting twenty-five cards into four piles accord- 
ing to visual impression, each card having on it one of the four 
letters A, B, C, or D. Fifth, naming four ink spots, about 
one minute being allowed in which to name them. Time was 
measured in all cases by means of a stop watch and each pupil 
was tested but once after a few preliminary tests, in which it was 


found that in most cases the time was not greatly different in 


All 


the second test unless the experiment was misunderstood. 
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the tests were made by myself, hence the personal element 
which would be quite important in the oral card test and in giv- 
ing directions was the same forall. A very few pupils who 
had just entered the first grade could not count far enough to 
consume the whole of the ten seconds. With very young chil- 
dren the mental element of association apparently determined 
the limit of rate, while for older pupils the rate of movement of 
the vocal organs seemed to fix the limit of speed. Inthe mark- 
ing test the younger children were usually more careful as to 
how they made the marks than the older ones. In the card test 
also it was at first surprising to find that fewer mistakes were 
} 


often made by the younger than by the older children, but ob- 


servation showed that the younger children were likely to think 


more about the thing to be done and the older ones about doing 


it quickly, hence one took the sensory form of reaction while 
the other inclined toward the motor form and theretore some- 
times made more mistakes. 

More than half the children tested were American, though 
many other nationalities were represented. They all belonged 


the model and practice schools of the Fitchburg Normal 


School, and at least one model school and one practice school 
are represented in each grade tabulated except in the second. 
There were considerable differences both for individuals of 


1 
} 


he same grade, but, in gen- 


the same room and for rooms of t 
eral, as is shown in the table, there was an improvement in the 
first four tests up to about the sixth or seventh grade, when it 
ceased or became slower or there was an actual decrease in 
rate. 

In the fifth or ink spot test the younger children seemed more 
suggestible or imaginative, as they named more of the spots. 
The number who saw the spots as objects was less in the 
fourth, fifth and sixth grades, but increased in the seventh and 
eighth grades, though not equalling those of the first. The 
younger children seemed to have no doubt whatever of the spot 
being a picture of the object they named, while the older chil- 
dren simply said ‘it is some like’ or ‘it looks a little like’ ‘a 
I 


rr 


| “A , 1 1° 
dog,’ ‘cloud’ or whatever else was suggested. his supre- 


macy of the small children is striking when we consider that 
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the number of mental images that they have is much smaller 
than that possessed by older children, who may name a part of 
the body or the map of a country or something else that the 


younger children know nothing about. 


a) - 
TABLE. 

GRADE. I 2 3 4 5 6| 7 8 

Number of children, 36. | 16. | 51. | 72. |67. | 35. | 49 | 5s. 
Average number counted, 25.8 31. 31. 34-5 30.1 45 40. 37.5 
Average number of marks made, 19.7 28. | 35. | 36.8 38.8 45.8 46. 47.4 
Time of sorting cards (oral), 52. | 43- 149. | 35- | 29. 131. | 24-5 28 
Time of sorting cards ( visual), 61.4) 40. | 41. | 34- | 25.3| 27.3, 23-0| 23. 
2.9| 2.5| 2.6) 1.8] 1.9) 7] 2-3] 2.2 


Pictures named, 


The smaller number of objects seen in the spots by the child- 
ren of the fourth, fifth and sixth grades is probably to be ex- 
plained by the fact that children of those ages have become 
more critical in their sense perceptions as their ideas have 
become more definite and as they have learned from life’s 
experiences and from training to be more careful in their judg- 


ments. The older pupils of the seventh and eighth grades, on 


the other hand, have passed into another stage in which they 
realize that a picture is not necessarily this or that, but may 
resemble any one of several things, hence they are not afraid to 
say what it looks like. 

Most of those who named three or four of the spots named 
more than one object of a class, as two kinds of vegetables or 
two animals, showing that the presence of one idea of a group 
made others of that group more suggestible. 

The results of the various tests were not tabulated according 
to age, but the averages of those who were much older and those 
much younger than the average of the room in each case were 
taken and found to differ somewhat from the general average of 
the room. In general, the pupils older than their grade were 
better in their tests in the lower grades and not so good in the 
higher grades, while younger pupils were better than their mates 
in the eighth grade and not so good in the lower grades. ‘The 
two factors apparently determining the record a child makes are 
experience that comes with age, and ability. In the lower grades 


























te 
“I 


INDIVIDUAL TESTS OF SCHOOL CHILDREN. 


the experience that comes with age is more important than in- 
tellectual brightness and knowledge, while above the sixth or 
seventh grade, at which time the powers tested seem to reach their 
maximum, ability counts for more than age or both count in the 
same direction to increase the comparative record of bright 
young children who have been promoted with older pupils. 
"In order to determine the significance of these tests of indi- 
vidual pupils, the teachers were asked to grade the children 
into three classes according to ability as compared with their 
mates in the same room. In most cases the teachers could do 
this without much hesitation, though pupils who were good in 
some lines and poor in others and pupils who did not always try 
gave them some trouble. The children were graded by me 
according to the tests and the two gradings compared. A dif- 
ferent standard was adopted for each room for each test except 
for the ink spots and the perfectness of execution in making 
lines and sorting cards without mistake, in which cases the 
standards were the same for all grades. For the average grade 
of ability a standard was adopted with such a maximum and 
such a minimum above and below the mean or average for 
children of the same room and sex, that half, or a little more, of 
he children would be in the average class, while approximately 
one-fourth were in each of the two classes above and below the 
average. The teachers’ gradings were compared with the 
grading according to the counting and marking test combined, 
compared with those of the two card sorting tests combined and 
finally compared with all the tests combined. The percentage 
of correspondence did not differ greatly in the different com- 
parisons, but was a little greater for all the tests than for part 
of them. Fifty-seven per cent. were graded just the same by 
the combination of all the tests as by the teacher, while only two 
per cent. were placed in the class farthest removed from that 
in which they were placed by the teacher. This is probably as 
close a correspondence as would obtain between the judgments 
of two different teachers, which indicates that such tests would 
be likely to be of some value to superintendents in settling 
doubtful cases of promotion. 

Where the results of the tests are directly opposed to the 
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teacher’s judgment of a pupil we cannot say which is most nearly 
correct, but the following principles should be considered. In 
general, average size or ability in vegetables, animals and men 
is regarded with more favor when it is a question of selecting 
for breeding purposes or for positions of responsibility. Unusual 
development in one direction is to some extent abnormal and 
often associated with some weakness in other directions. For 
this reason a good average in such a test is probably as good 
an indication of good general ability as a record very much 
above the average. On the other hand one who is much below 
the average is not only abnormal, but abnormal in the wrong 
way, and hence cannot be expected to have good general ability. 
A poor pupil may, therefore, make either a very high or a very 
low or even an average record in such a test, but a very good 
pupil is not likely to make a very low record, though he may 
make only an average one. 

One result of this experiment suggests possibilities, and, to 
my mind, probabilities of the greatest importance in establishing 
standards for testing individuals of different ages and in deter- 
mining the best kind of tests to be used for any age. I ref 
to the fact that in most of the experiments pupils of the eighth 


grade made little or no better record than those of the sixth and 


seventh and sometimes not so good a record. Wolfe noted 
similar fact in his experiments 1n that the pupils of the eighth 
grade judged size and weight more accurately than university 
students. Bentley also found more improvement in rate of nam- 
ing words or letters than in naming colors or pictures, while 
Gilbert in his numerous experiments upon school children found 
that the rate of improvement in different lines was not the same 
at different ages We know also that, according to the general 
laws of habit, improvement becomes slower with practice as the 
limit of possible improvement is reached. The experiences 
every-day life and the school training received by all probably 
mature some powers before there 1s occasion to exercise otl 

a great deal. Again, all child study investigations indicate tl 

there are inner laws of development which cause certain acti’ 


ities to become prominent and develop almost to maturity before 


S 


others have scarcely begun, with almost as much certainty 
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the flower of a plant becomes perfect before the fruit begins to 
form. This inner tendency of development which recapitulates 
in part at least the history of the race is the principal influence 
in determining the direction of activity, while the opportunity 
for practice and laws of habit determine the extent to which the 
powers are developed. This view being accepted, it seems al- 
together probable that we are wrong in assuming that increased 


age should show increased power in elementary activities, and 


(ilal S 


that superiority of one adult to others in these activities is an 
indication of greater mental ability. In children the possession 
of great sensory and motor power may be the best indication of 
general mental ability, but it may be that such superiority in 
adults should in some instances be interpreted as a sign of ar- 
rested development, for the adult who 1s still developing his sen- 
sory and motor activity is perhaps quite inferior to the one who 
has ceased to develop in those lines, but is now gaining in power 
of abstraction and reasoning. Good answers to questions calling 
for facts of general and incidental observation, such as ** How 
any wings hasafly?’” ‘* Which way dothe seeds of an apple 
point’” **How many windows are there in a well-known room fr” 
and others like them asked by Professor Cattell may indicate, 
not so much alertness and mental ability as ditfused attention 
and lack of the power that goes with concentrated and selective 
ittention. We cannot tell @ frzvorz what good records in the 
various tests that we apply mean. It may mean that the indi- 
vidual is superior to his fellows of the same age in activities 
naturally prominent at that age, and hence probably superior in 
general ability, or it may mean that he has not yet begun to 
develop along new and higher lines that are appropriate to his 
age and that are now absorbing the attention of his fellows. 

I wish to emphasize to this Association the importance of 
testing persons of different ages and seeking for the normal 
standard at each age before we can intelligently interpret indi- 
vidual records. The psychological problem of tests of general 
mental ability cannot be solved till the psychogenetic problem 
ot the stages of improvement in the various lines of mental de- 


velopment has been solved. In my judgment the results of the 


tests that have been made for several years upon the entering 
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students of several universities will be valuable in determining 
normal standards for the ages and sexes tested, but they can- 
not be interpreted as measures of general intellectual develop- 
ment and ability till the same tests have been made upon chil- 
dren of different ages. 

In conclusion, | would suggest that it is desirable to have 
tests of such a nature that they can be taken by children as well 
as adults, that they shall be such that all persons tested will 
have had about equal opportunity for the exercise of the power 
tested, and that in the interest of economy of time the tests so 
far as possible shall be so planned that they can be given toa 
whole class or school at once, instead of to each individual sepa- 


rately. 











DISCUSSION AND REPORTS. 


A PNEUMATIC SHUTTER FOR OPTICAL EXPOSURES, 

In the course of work concerning the more complicated mental pro- 
cesses the need is often felt for a simple optical shutter, which will be 
at the same time economical and thoroughly workable. Of the var- 
us forms of such shutters hitherto devised the pneumatic is undoubt- 


edly the best; but the majority of its varieties are so complicated and 
expensive as to make it highly desirable to obtain a simpler form of 





se Si 


apparatus, especially when the progress of simultaneous investigations 
makes the duplication of the shutter necessary. 

The mechanism of which a cut is given below has been devised 
r use in the Harvard laboratory in connection with an investigation in 
ich it was necessary to expose at the same time an object of moder- 
ite size and its name in printed letters. The apparatus is inexpensive, 
ind can be made in any laboratory workshop in the course of two or 


} 


ree nours. 
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the body of the shutter consists of an upright rectangular sheet of 


n wood (4A), sixteen inches long by fourteen wide, and faced with 
lack cardboard. 


In the centre of this screen is a square aperture six 
inches in diameter, and having its sides parallel with those of the 
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screen itself. To the back of this sheet of wood is attached the me. 
chanism of the shutter. This consists, in the first place, of two rec- 
tangular screens of black cardboard (#2), each three and one-half 
inches wide by six and one-half high, which are carried by sections of 
brass tubing, of one-eighth inch inside diameter, to a projecting flange 
of which they are rigidly attached by screws (aa). These pieces of 
tubing are mounted on a horizontal brass rod ( C ), one-eighth inch in 
diameter, on which they move freely. Above this carrying rod and 
parallel with it is clamped an ordinary medical syringe (2), having 
a plunger with a plain pencil-end. To the nozzle of the syringe is 
attached a flexible rubber tube (/°), connected with a large-sized pres- 
sure-bulb (/*). 

This syringe furnishes the motive power of the shutter, applied in 
the following way. To the carrier of the one shutter-leaf (7) is 
soldered a strip of stiff brass (6), which projects in front of the 
plunger of the syringe. As the plunger is driven forward by the pres- 
sure of air in the syringe, therefore, it carries this half of the shutter 
with it. At the same time the action of a silk thread (c), attached to 
the brass strip (4) at one end, and to the second half of the shutter 
(£,) at the other, and passing over the pulley (G@), draws the leaf 
(£,) in the opposite direction. The aperture thus produced is si: 
inches in height and in width is twice the distance travelled by the 
plunger of the syringe. The automatic closing of the shutter upon the 
release of the pressure-bulb is obtained by connecting the two leaves 
of the shutter by an elastic rubber band passing around the screw 
heads (aa). The movement is centralized by a block (appearing in 
the cut at the top of the line marking the meeting of the two halves of 
the shutter) which at the proper point arrests the further motion of 
the shutter-leaves. The rapidity of the closing movement may b 
controlled by changing the strength of the elastic band. The widt! 
of the aperture is controlled by means of a sliding top (@) on the brass 
carrier-rod, which is fixed in position by a set-screw. The bottoms of 
the shutter-leaves are carried in guides (ee). 

The mechanism has been found to work very satisfactorily. The 
movement is easy and rapid, the time—and of course the extent 
the exposure are nicely controllable, and the apparatus is applical 
to all work except such as may require a ceatrifugal action of 
leaves. It is especially convenient for work on perception, visuai 
memory, association and all cases where numbers, words, sentences 
and the like are to be exhibited. For such use the screen is rotated 


so that the edge which in the cut forms the right hand side of the aj 
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naratus becomes its base, and the movement of the shutter-leaves is 


vertical instead of horizontal. The aperture then becomes a horizontal 
slit six inches in length, and of a width varying according to tl 
needs of the experiment, and controlled by the position of the sto; 


(7). For second series exposures, when an upper row only of letters 
or figures is to be exposed after a double row has been exhibited, the 
silk thread may be slipped off the pulley, when the leaf (7) alone will 
be moved by the action of the plunger, the return being brought about 
as in the previous case by the elastic connecting band. 

A still simpler form of exposure, which may be found adequate 
for some kinds of work, involves practically only the cost of the Syl inge 
itself. A tight-fitting cap of brass tubing is made for the end of the 
plunger. The projecting half of the tubing is sawed down at oppo- 


site sides and pinched flat, forming a spring clamp, within the jaws of 


> ri 


which cards bearing numbers, letters and the like may be slipped and 


id firmly. To use the mechanism it is necessary only toclamp the 


inge vertically behind a screen and in such a position in relation to 


| 
that the top of the card to be exposed comes, when ready for exhibi- 


n, ina line with the bottom of the aperture in the screen. Expo- 


sure is made as before by pressure upon the bulb, the card itself rising 


» view and disappearing instead of being exposed by a moving 
itter as in the previous case. The return of the shutter downward 
brought about by the air-pressure in the syringe, or, if the piston 
rk stiffly, by an elastic rubber band passing through the 


nger and bound to the barrel of the syringe. 


In closing I wish to point out the applicability of the syringe to ex- 


we barre | 


iments on the dermal senses. For this purpose the syring 
clamped rigidly in a vertical position, the instrument with which 
act is to be made is attached by thumb screw or other device to 
the end of the plunger, and application is made by simple compression 


bie 


of the air-bulb. Such a method has several distinct advantages over 


exploration with an instrument held in the hand. One of these is the 
ibility of giving the successive stimulations with local exactness, a 


tion scarcely to be looked for by the hand method even when the 


sitions are permanently indicated by marks onthe skin. The tremor 
t the hand is got rid of, and the application is clean, firm and even. 
it will probably be found also that the time of stimulation is more con- 


‘ } ° ‘a | ” } 1 
Che on y instance ot the empioyment of an analogous method 


OT 
' : ; y ' ; 
i am aware 1s that reports | DY Krohn Journ. Nerv. and 


Ment. Liseases, March, 1893) in experiments on sim 


aneous touch 
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stimulations, in which he used Marey’s tambours, to the faces of which 


were attached the instruments of contact. 
RoBERT MAcDOouUGALL. 


HARVARD UNIVERSITY. 


REMARKS ON TIME PERCEPTION. 


The opening article in J/éxd for January, 1900, reviewing the 
contradictory results of Schumann and Meinong in experimenting on 
time perception in relation to memory-image, is of interest, but fails 
to note the fundamental difficulties of the subject. In the first place, 
we must remark on the confusion of objective and subjective time, as 
when Schumann (p. 3) takes a ‘note heard for one second,’ a ‘ tone 
sensation of one second’s duration,’ as a standard of subjective value. 
But to work ona purely subjective problem from objective artificial 
time is plainly confusing. If we are to understand the content of time 
perception we must study introspectively and genetically. What are the 
origin and development of time perception under natural selection? 

An organism, pressed by hunger, senses food, and the interval of 
steps toward the realization is felt as timeful. If realization is abso- 
lutely immediate, there is no time sense, as seems often to be the case 
with infants; but even with them delayed realization of satisfaction 
brings time perception. From the moment that appearance is seen to 
be only the sign of reality, that is from the origin of knowledge, we 
thus find time perception accompanying the progressive steps of reali- 


zation. ‘Time perception is then bound up with delay and the use o! 





] 


means, and is implied in skill, patience and perseverance, the cardinal! 
intellectual virtues by which organisms save themselves and make 
progress in the struggle of existence. The genesis then of the time 
perception under natural selection is in a felt relation of the individua 
to its environment, and it is a complex of sense of unrealization and 
position with reference to realization. And it is also plain, e. g., wit 
infants, that time perception is not experience of mere succession, | 
of delayed succession which comes with sense of unreality. And tin 
perception is seen to be an adaptive psychosis to exigencies, giving 
foresight and preparedness, and reducing fright to caution. 

The rise and growth of time perception are then involved in ex 
tant attention which implies memory and the cognition of the break 
between the real and the ideal—that real and ideal are not coincid 
factors. We may consider that with very young animals and childre 
time perception is solely confined to a purely subjective feeling when 


food is brought to them. How time perception is related to expect 
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ittention is easily observed in common experiences. In the train the 
other day I was not aware of any particular time perception when 
stopping at a station, but when I watched the objects fly by as the train 
ncreased speed, I noticed that time perc -~ption became very acute with 
he increased rapidity of expectant attention, and vice versa as the 


train slowed down. 
In this case and others it is plain that the amount of time percep- 


tion in a given amount of objective time—say one minute—is deter- 


mined by the rate of consciousness itself. A very simple experiment 
shows this. While in your usual frame of mind, with consciousness 
at its usual pace, thinking over a common matter—e. g., planning 
some ordinary experience, as a trip to the country—e timate the watch 
time; then, while in the same mood, estimate while taking exercise, 
as running up and down stairs. With one person, in whose introspec- 
tive honesty I had confidence, and who did not count and was entirely 
unsuspicious of the object in view, the acceleration was remarkable. It 
required 150 seconds actual time for the go-second time estimate when 
t rest, while during and after exercise the go-second estimate was given 


| He ascribed the variation, when he 


ifter only 55 seconds actual time. 

55 seconds to be as long as 150 previous, to increased rapidity of 
nsciousness. And under primitive conditions, when no objective time 
is known, as with most animals which probably do not appreciate even 


sctive time increases 


the natural day as objective time-length, this subje 
So when a 
man is drowning his consciousness is forced to top speed, like a lig 


with expectant attention and rapidity of consciousness. 


iing-shutter, and time perception is most acute. (The effect 
sciousness itself of reiteration in consciousness under expectant atten- 


When on the 


on con- 


tion is time-perception as feeling of experience-room. 


train the speed reaches the limit of my perceptive power as to distinct 


objects, the time perception is keenest, and if it goes beyond, and the 
landscape becomes mere blur, time perception is lessened and even 


lost. 


Pure subjective time is then a mode of introspection and self-con- 


sciousness, and probably the earliest form. Experience here is reflex, 
first turns upon itself, is aware of itself in deferred realization. The 
dragging interval is measured by how many consciousnesses active and 
potential go into it, as unrealizations. Thus to the very thirsty invalid 


1 


the interval while the nurse is bringing drink is felt in terms of the 
number of unrealizations in the eager pulse of the waiting conscious- 


ness. So the stolid invalid would have little time perception. Not- 


withstanding that the rate of consciousness determines amount of time 
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perception, yet it is plain to simple introspection that any given act of 
consciousness is fev se timeless, is merely the time unit or point, just as 
spaceless points compose space. Then there is no ‘ duration-block’ as 
‘unit’ of our perception of time (James), nor can we admit Schu- 
mann’s simple feeling of duration. Just now I hear a bell tolling, 
and I listen to the note as a continued vibration, the whole being felt 
as a specious present; but a little analysis shows that the time-fullness 
is felt only as experience-room for quite a number of simple immediate 
consciousnesses, that is, of passing units. If I perceive a musical note as 
a whole of time—a duration—it is as a continuance through a numbei 
of consciousness beats which are each subjectively timeless. The phras 
‘as quick as thought’ could have no meaning except through objective 
time. Evy ery duration is such only as a whole of felt successions act 
or potential. This does not deny, of course, that the ear-grasp of time 
wholes is real, and with natural and trained musicians doubtless the feel- 
ing is apparently of simple duration, the process of potential units be- 
ing subconscious. And so when James says (* Psychology,’ I., p. 630 
‘¢+And since we saw a while ago that our maximum distinct intuit 
of duration hardly covers more than a dozen seconds (while our man 
mum vague intuition is probably not more than that of a minute or s 
we must suppose that this amount of duration is pictured fairly st 

in each passing instant of consciousness by virtue of some fairly con- 
stant feature in the brain-process to which the consciousness is tied, 
we see here the confusion of subjective and objective time, as if ea 
psychic pulse were apperceptive of itself as taking seconds of tim 
whereas time consciousness has a very considerable development 
purely subjective form before it ever apprehends objective time in any 
form, and especially in seconds or fractions. And I cannot find inn 


introspection that the psychic moment ever directly apperceives itself, 
but I see each psychic beat as a timeless instantaneous act, yet the su 
of the acts constituting subjective time. Hence the fee ling of imme 


duration with drowning people when an immense actual and potenti 


experience-room is felt, in fact a life-room. 

As to the specious present or ‘ now’ we must, as implied from our 
previous discussion, dissent from James’ décfum: ** But the origina 
paragon and prototype of all conceived times is the specious present 
the short duration of which we are immediately and incessantly se! 
sible.” The shortly to be, and the shortly has been, interpreting th 
former, are much more primitive. ‘The sense of *‘ now’ has no direct 
simple value for struggle of existence, and is reflective. Any unity 


of experience is interpreted as a ‘ now,’ as in hearing a long-drawn 











sion and association merely, and do not mark real 1 








DISCUSSION AND REPORTS. 2 


stle or musical note of even quality; and if the whole of li 
| ’ ] 


‘ence were an absolute unit and uniform, and so no break of real- 


| ideality, we could have an eternal ‘now.’ T he spec 10us pres- 


1G 


+ 


of course, appears as a sum OF possible beats; it 1s not 


DSYVCHIC 
a’ 


elementary timeless component of time, but is given as duration, 


loc k of experienc e. 
It is important, as we have said, to keep in mind the distinction of 


jective and objective time, to note that the psychics of time and 


ysychophysics are distinct areas of investigation. The rise and 


lopment of objective time as well as that of subjective time can only 


letermined by very delicate and thorough observation and experimen- 


yn on infants and animals, reinforced by study of adults, extremely 


ttle having been accomplished along these lines as yet. And what stage 


ind and why under natural selection do changes in environment, 


as day and night, suggest definite intervals of time? That many 


estic animals have the feelings of time by some objective notation 
seemed probable to some, yet it may be that they fix upon some 


intervals. Che 


rse which quits work at the noon whistle does not regard the whistle 


time limit, but merely asa sign of food and rest. Of course in the 


Liill Li 


itive form ovjective time may arise merely as keé¢ ping tab on the 


tive time of expectant attention, and the regulation of subjective 


to normal objective time relations is plainly of high utility. Thus 


} 


nfant suffers much from strained attention, because you cannot make 


lerstand that five minutes are required to heat its food. So animals 


come objectively to regulate subjective time. Again, you look at 

r watch five minutes before the curtain rises at the theatre, and you 
in the succeeding waiting a constant flow of both subjective and 
objective time. The beat of consciousness tends to assimilate to objec- 
tive beats, as the ticking of a clock may seem either faster or slower 
an the present consciousness, too slow, say when I am waiting for a 


train, too fast when in quiet reflection; yet the tendency will be to 


feel at the theatre a 


-hronize subjective and objective time. You 
reat length of time, and you keep correcting this by seconds and min- 
tes subjectively estimated, so that you know with practical certainty 
hen the five minutes are up, though you have in that time had more 
time perception than perhaps in the whole of the previous week. From 
the PSY chological point of view, of course, the subjective time is the 
real time. 
Che basis of time-perception we have seen to be psychological 
reflex in the discordance of the actual and real. So physiological time 
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as from pulse, respiration, etc., is a mode of objective time, and quite 
late in development; for young animals and children who are 
keenly alive to time in expectant attention are far from being physio- 
logically observant. Normal life in early stages gains little from 
physiological reflex, but a consumptive would be likely to note respi- 
ration time. Nor is physiological time the basis of our estimation of 
artificial time in hours and minutes, as we see plainly in the Magee 
case (Amer. Journ. Psychology, VIl., 450). He, while out with a 
camping party, keeps mentally the objective time almost to the minute, 
and can report whether waked from sleep or climbing a hill the hour 
and minute correctly, in all of which pulse, respiration and leg time 
are highly variant. It is obvious in this case, at least, that, as timer 
of athletic events, his consciousness has formed the habit of objective 
time-keeping in second beats, minute beats, etc., in a purely direct 
way without physiological basis, and thus the counting time gues on 
subconsciously. And here then is an example of subconscious time 
estimation to which we call the attention of the Editor of J/zrzd, who 
dissents as to evidence. 

And it is plain that if all time-pieces were suddenly destroyed, 
such men as Mr. Magee would become human time-pieces, and would 
find their function and existence in this time-knowledge, and for scien- 
tific purposes, e. g., astronomical and physical, there would tend to 
arise time-keeping species of men; and as the demand ever became 
keener for accurate and delicate time-keeping there would be response 
in the evolution of human society. That is the limit of the mznzmum 
consciousness beat as time-measurer can not be defined @ priori 
physiologically, but is controlled by demand in the competition of 
existence. 

What then is the significance of indifference point? Does not this 
suggest to physiology, as to pulse? There may very well be a co- 
ordination of artificial and physiological time, but this does not prove 
primitive state or genesis. But the objective time which is most con- 
stantly estimated correctly might be, say with Mr. Magee, quite 
different from the 75 seconds in difference point. Mr. W. S. John- 
son’s ‘ Researches in Practice and Habit’ (p. 52) conclude against in- 
difference point. There must be a much wider range of experiment 
with all kinds of men and animals in all kinds cf physical and mental 
states to get real light on this question of indifference point. 

Hiram M. STANLEY. 


LAKE ForesT, ILL. 























PSYCHOLOGICAL LITERATURE. 


La Doctrine de Spinoza exposée et commentée a la lumiecre des faits 
fentifiques. Par EMILE Ferriére. Paris, Felix Alcan, Editeur. 

Pp. ix + 357- 

The list of works already published by M. Ferriére reveals a 


catholicity of tastes and interests rather depressing to the man who 
ecls that he can do good work only by circumscribing the sphere 


of his activities and becoming more or less of a specialist. Darwin- 


ism, The Medicinal Plants of Burgundy, The Apostles, Paganism 


among the Hebrews, Scientific Errors in the Bible, Biblical Myths 


The Soul andthe Functions of the Brain, Matter and Energy, Life and 
.—these are among the subjects upon which he has found it 
possible to write un fort volume. From a work on the etymology 
four hundred Christian names used in France, he passes to a study 
Spinozism. He admits frankly that it will appear strange in the 
eves of the general public that, at the close of 

isively to money and material pleasures, a man shouid be found so 


a century devoted ex- 


d of sense as to devote himself to philosophy, above all to 
nozism:; but, he exclaims, with a noble indifference to con- 


< ‘ 


equences, ‘* cela me laisse tout a fait indifférent.” The theories of 
Spinoza are to be condensed into a few propositions, stripped of al] 
bscurity, and so placed before the reader that a ‘coup d’oeil’ will 
itfice to reveal both the details and the system in which they find their 
unity. At the same time a running commentary will turn upon the 


pinozistic doctrine the searching light of contemporary science. 


But even a cursory examination of this volume will suffice t 


» CON- 
those who feel sensitive rezarding their inability to write treatises 


« 


on Darwinism, the Apostles, the virtues of Medicinal Plants, and the 


Scientific Errors of the Bible. M. Ferriére need feel no apprehen- 
S lest those, who are in a position to judge, accuse him of having 
devoted an inordinate amount of time to the study of philosophy. His 
material ] 


] > al 7 . . , . 
al he has gotten largely from Saisset, and he has not improved 
itin working it over. From Spinoza himself it is clear that he has 


gotten little, and he has largely misunderstood that little. Of the 
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philosophies which preceded Spinozism, and without an_ under- 
standing of which it is impossible to follow intelligently the reason- 
ings contained in the ‘* Ethics’—of these, M. Ferri¢re is palpably 
ignorant. 

The puzzling question of the relation of substance to its attributes, 
a question over which students of Spinozism have expended no little 


thought, M. Ferri¢re settles summarily with an illustration, a * fait 


scientifique.” Plaster is composed of sulphuric acid and lime. Here 
we have a case of substance and attributes. Suppose an infinite uni- 
verse of plaster; the lime may be regarded as representing the attribute 
extension, and the sulphuric acid as representing the attribute thought. 


The combination of the two gives us the one substance with its attri- 


butes. Vozla tout! (pp. 29-30). Attributes are the elements of which 
p. 32). The difficulty of making plaster 


substance is composed 
any sort out of such diverse elements as extension and thought were 
conceived to be in the seventeenth century does not present itself as 
difficulty to M. Ferritre’s mind, Again, modes are distinguished 
from attributes in that they are necessarily finite (p. 44). Did M. 
Ferricre ever read Letter 64 in Spinoza’s correspondence? [las | 
pondered over the significance of the ‘ fixed and eternal things’ of.t! 
treatise * De Intellectus Emendatione’? Still again, it is insisted that 
Spinoza was an out and out nominalist (pp. 63-73), and as the Spin- 
ozistic doctrine of essences is quite overlooked, it is but natural tha 
M. Ferri¢re should be wholly at sea when he comes to discuss 
immortality of the mind. It seems to him that, in this doctrine, Spin- 
ne) 


oza has arbitrarily stepped beyond the limits of his system, and sim 
taken up with the beliefs of the vulgar (p. 128). To one who reads 
Spinoza in this way, the ‘ Ethics’ is and must remain a sealed book, 
mere mass of incoherencies. 

Itis not necessary to criticize M. Ferriére’s volume in detail. There 
is a scientific side to the Spinozistic philosophy which is well worthy 
of attention even in our day; but it cannot be properly treated by one 
who has never penetrated Spinoza’s thought at all, and whose boo! 


WY 


fairly bristles with statements which can be categorically denied 
citations from Spinoza’s writings. If the volume on the Medicinal 
Plants of Burgundy contains as many errors as this one, it must have 
been the unhappy occasion of many a colic and of much Gallic pro- 
fanity. As for the Apostles, if they have been misrepresented as 
has Spinoza, they have just grounds for an action at law against 


the 
Lilt 


author. 
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La Nouvelle Monadologie. Cu. Renovuvier et L. Prat. Paris, 
Colin et C*. 1999. Pp. 540. 
Of the dual authorship of this work it would be difficult to find 


any evidence in the work itself beyond the title -page: the han 


»the hand of Prat. but the voice is the voice of Renouvier. Att 
close of a long life, the accomplished and venerated master of an in- 


} 
borat 


fluential philosophical school sums up, in collal ion with one of his 


disciples, the positive elements of his teaching in a compact system. 


Such appears to be the historical sionificance of this 1mportant treat- 


ise: it contains the constructive doctrine of the French critical phi- 
sophy. 

[his doctrine allies itselt by its very title with the ‘d yematic’ met- 
aphysics of Leibnitz. In spite of the many elements derived from 


t 


Kant, the method is also to a large extent what Kant would have re 


vardedas dogmatic. The groundwork of the system, closely examined, 
} + ] ; + + + 
s the afirmation of the theses, to the exclusion of the antitheses, of 


Kantian antinomies. Thus it is held (1) that the world is com- 


yosed of simple substances; (2) that it 1s finite; (3) that it contains 
° +t : t I; +} +3 + { 

ee agents ; and ( }) that it originated in the creative act of a supreme 

First Cause. And the logical principle on which each ot these propo- 


ions rests is that which essentially underlies Kant’s argument fo1 


ch ot the theses ot his antinomies, namely, the impossibility of 


° . ! ‘ 
king the actual number of terms in any given ries as infinite. 
It is impossible, however, to accept these results on this ground. 


he abstract principle is indeed unassailable: an actual number can- 
be infinite. But this principle, when applied to the series of con- 
litions thought of as determining any conditioned element in experi- 
nce, conflicts, as Kant showed in the arguments for the antitheses, 
th another, the necessity, namely, of always goin beyond any given 
term # of the series to the next, 2+ 1. Now our authors, following 
Aristotle, explain the appearance of an antinomy here by distinguish- 
ing between the actual and the possible number; thus, we are told, 
e number of actual events which have occurred in the world is finite, 
it there is no assignable limit to the number which may hereafter 
ake place. But why not? If time can have a beginning, it may also 
iweanend. The possibility, therefore, of an endless succession of 


t 


vents in the tuture is not real and concrete, but merely the abstract 


ssibility of thinking the progressive series continually added to. But 


is Ae sce ] . ‘8. al : 4] - 4 r 
1S 1S precisely the case with the regressive synthesis of past events 


as conditions for any given event. For it is impossible to conceive of 


any event, however remote, as without a precedent event as its condi- 
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tion. Our authors deny this: the cause of an event, they say, need 
not be an antecedent event. But even granting that there are causes 
of events which are not events at all, neither antecedent nor coexist- 
ing, that which determines any event to its place in the time-series 
must be an antecedent event; for time, in its aspect of succession, is 
merely the abstraction of the succession of events. If we think of 
the time before any given event as empty, if, e. @., we try to think of 
a first event, we hypostasize an abstraction; and the same difficult 
occurs if we try to think of the beginning of time, for the first begin- 
ning of time would be itself an event. Our authors object that to 
think the series of past events as infinite is to suppose them illusory, 
which is repugnant to good sense. But surely it is the nature of t 
reality of the time-series which, among other things, this dilemma 
thought brings in question. 
Two cardinal ideas in the system are individuality and freedom. 
mit The existence of simple substances is regarded as a datum implied 
| the existence of compound substances. It is rightly inferred that a 
simple substance cannot be extended: hence it is determined as a 
H monad by internal or qualitative relations. But what is the ground of 
i the argument from the existence of compound substances as given t 
the existence of simple substances as also given? Not, surely, the cor- 
nn relativity of the terms, for on that ground we might also conclude f1 
i the existence of the relative the existence of the absolute, an inference 
which the authors reject. [lence the logical ground can only be, i 
would seem, here as in the previous case, the impossibility of thinking 
i ; an actual series unlimited—the argument for the thesis of the second 
; 2 antinomy. But what compound substances are taken as given? Surely 
not substances compounded of monads, for this would beg the whole 
metaphysical question. Extended substances, then, 7. e., bodies. But 
bodies are held to be compound substances, it is because they are re- 
garded as composed, not of immaterial entities, but of smaller bodies. 
: And this leads to the endless series--the argument of the antithesis. 
i The same principle—the contradiction in the conception of an in- 
finite series—is urged in support of the doctrine of freedom, and also 
- in support of what might seem to imperil it, the doctrine of a creative 
First Cause. But in the matter of freedom, at any rate, the authors ad- 
, vance beyond this argument; for, after defendiag ably and at lengt! 
the possibility of freedom, as over against universal mechanical deter- 
my minism, they finally assert the fact of freedom as a ‘rational belief ’ 
motived by its appeal to the sentiment of duty and the interests attach- 
} ing to personality. This puts the belief on substantially the Kantian 
| 
4 
ie 
+i 
i 
at 
iW 
+) 
re 
if 
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foundation. The discussion would have gained by a clearer exposi- 


tion at the outset of the conception of freedom, which seems to fluc- 
tuate between that of an originative, absolutely spontaneous, cause of 


henomena, the power of contrary choice and the hegemonic function 


But probably all three moments are meant to be 


of the intelligence. 


included. 

The above are among the principal topics discussed in the earlier 
parts of the book, entitled respectively, The Monad, Organization, 
Mind, Passion and Will. Towards the end of the last named part the 


‘rational belief’ in freedom and morality is connected in the practical 


reason with the belief in goodness and in individt 
] ‘rfection of God. This 


ial and social ideals 


and is made the ground of belief in the moral perfe 
eads to the discussions in the remaining parts under the headings, 


Societies and Justice. The central theme here is the contradiction 
between the above-mentioned beliefs and the actual order of things in 
our experience. The pessimistic aspects of the world are depicted 
with startling effect. It is maintained that this world is radically in- 
compatible with the realization of our ideals, that a perfect society on 
earth is not merely morally, but physically, impossible, no matter how 
ong time we allow. But a world thus unjust in its very constitution 
cannot, it is held, be the work of a perfect Creator. The problem 


then is to explain this present so evil world in agreement with the 
principles of the monadology and with the postul: 
reason. The theory advanced is in su 
vere originally created perfect and formed togethet 


here was no superfluous unorganized matte 


ites of the practical 
bstance as follows: The monads 
a perfect world. 
‘r, but only such as was 
the physical medium 


ecessary to supply the needs ot org inisms, and 


in which the latter lived was an elastic fluid of a density appropriate 


isposable in the most useful 


hig 


[he families of men possessed the high- 


to their use. The physical forces were « 
manner at the will of man. 


est social organization, and, except perhaps in the case of plants, there 


was neither generation nor decay. This state of things was brought 
to an end by the selfish exercise of free-will. This destroyed not only 
the social, but the physical harmony. The evil, small at first, gradu- 


ly grew, till at length, in a war of titans, the primitive world wen 
smash. The nebulous matter with which our present world begins 
as the result of this stupendous break-up. In this matte 
ined the germs of the late developed organisms, psychically . 
vith the monads of the earlier time. Subject to the laws of the new 
rder, subject to birth and death and to all manner of physical and 


social inequalities, the human race is here suffering retribution 
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undergoing discipline. The justice in each individual life must be 
assumed, but cannot be seen because of the complexity of the condi- 
tions, past, present and future. The process of retribution and edu- 
cation is to continue, here or elsewhere, till, in the remote future, 
timed presumably to the completion of the work, the catastrophe fore- 
seen by science brings to a close the present world-order in an immense 
conflagration. Then ‘* new heavens and a new earth wherein dwell- 
eth righteousness.” Such is the authors’ conception of the drama of 
the world as it is unfolding itself through the acts of free agents in 
accordance with the consciously predetermined creative plan. 
Comment on this conception, the likeness and contrast of which 
both to the Leibnitzian Theodicy and to the views current in orthodox 
Christian theology are manifest, would here seem to be superfluous. 
The surprising thing is that all this audacious speculation should be 
made to appear as reasonable as it does. Some of its most startling 
features seem to follow as legitimate deductions from the principles 
developed in the earlier part of the work, while others present them- 
selves as plausible interpretations of many of the facts of experience. 
But this is very different from a metaphysics that moves in the sure 
path of science. Speculatively, the radical defect of the scheme seems 
to be that God and the created monads are brought into no sort of in- 
timate relation. A finite number of monads created a vast number of 
ages ago are left to work out, without miracle, their own destiny. 
Why, under the given terms, God should not interpose on occasion, is 


not evident. If, on the other hand, God is thus otiose so far as the 


destinies of the world are concerned, it is not apparent why he is 
needed in the scheme of things at all. Why not regard the monads 
as individually eternal beings? Thetruth, however, is that the method 
by which the monads are themselves posited is vitiated at the start by 
dogmatic assumptions. It refuses to accept the lesson of the antino- 
mies and it ignores the method of transcendentalism. But this latte: 
method also has not succeeded in convincing the world that it leads to 
the solution of the ultimate question concerning the relation of the 
universe to the individual, of the one to the many, and in the end it 
must be confessed that a book like this, which is honest and able, con- 
tributes to our interest both in philosophy and in life, even though we 
may believe that our best hope of results lies aiong other paths of in- 
vestigation. It will at least help to stimulate the new interest in per- 
sonality. 
Hl. N. GARDINER. 


SMITH COLLEGE. 
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Mental—Etude de Psycho- Soctologte. J. M. Barpwry. 


Traduit sur la seconde edition anglaise par G. L. Duprar. 


Interpretation Soctale et Morale des principe s du Deével Ppement 


Paris, Giard & Briére. 1899. Pp. vi+58o. 

This is a translation of Professor Baldwin’s ‘ Social and Ethical 
Interpretations.’ Itis, indeed, to be regretted that Professor Baldwin's 
remarkable work should have gone into French at the hands of so 
careless an interpreter as M. Duprat appears to be. His knowledge 
f the English language does not seem very thorough. We have no- 
ticed, in fact, gross mistakes in the translation. To give one instance, 
M. Duprat translates ‘fruste’ for * crude’ (p. 9), which is just the 
ontrary of what the author means (‘crude’ means immature and 
‘fruste’ worn out). We have noticed words which are not French, 
e. o., *réflexive’ for ‘reflective’ (pp. 217, 219, 241 e¢ passim 
In various places the author’s thought is so obscured that one must 
turn to the original in order to understand what is meant. M. 
Duprat has also a peculiar way of solving the difficulty of render- 

into readable French the somewhat complex style of Professor 
Baldwin; he suppresses entire passages. We have noticed that in 
different parts of the book. 

Why has the title of the book—already somewhat lengthy in 
iglish—been ‘stuffed’ with superfluous words in the translation, 
us rendering it longer and less comprehensible? Is not * Aspect 
thique et Sociale du Développement Mental’ a simpler and clearer 


iy of rendering the original title in French than ‘ Interprétation 
Sociale et Morale des principes du Développement Mental’? The 
reader will easily see that the word ‘ principes’ is superfluous and 
misleading. 

As is usual with European books, especially French, there is no 


tah] 


index, and the original contents table has been shortened to it 


only the heads of the chapters, suppressing any mention of the sections 
as given in the American edition. This means unavoidable and vexa- 
ious delays in the perusal of the book. 

In conclusion, we do not believe that this poor translation will 
‘Ip to vulgarize Professor Baldwin’s doctrines among French 

lents. Doubtless, many of them will find the author’s English 
more intelligible than M. Duprat’s French. Decidedly, M. Duprat 
s just the kind of translator to whom the Italian epigram might be 
applied : ‘¢ Traduttore, traditore.” 

Gustavo Tosti. 


New York CIty. 
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Ueber Gegenstinde hiherer Ordnung und deren Verhdltniss zur 
inneren Wahrnehmung. By A. MeInonc. Zeitschr. f. Physiolo- 
gie und Psychologie d. Sinnesorgane. Aug., 1899. Pp. 182-272. 
The discussion forms another chapter in the long controversy re- 

specting the difference between the perception of a whole and an ag- 

gregate of perceptions. It takes the form of a polemic against a pre- 

vious article of Schumann’s in the same Zeitschr. (B. 17) 
Schumann and Meinong may be taken to stand respectively for two 

opposing methods whose results, not only in this but in many other 
connections, are frequently brought into contrast. Schumann would 
seem to start with the question: What is the difference zz content be- 
tween the perception of a whole and the aggregate perceptions of its 
parts? Meinong, rather, with the question: What is the difference zx 
meaning between a whole and the sum of its parts? And then, feel- 
ing that ‘meanings’ must also be represented among our mental con- 
tents, he searches within these for the one that stands for unity. So 
that for Schumann, the whole problem is an empirical task set for in- 
trospection. For Meinong, too, the search among contents is intro- 
spective; but the analysis that precedes it imposes a certain condition 
upon the content sought—that of being inseparably connected with 
the constituents whose unity it is. Meinong’s success, it would seem 
to the reader, turns upon the clearness with which he can make it ap- 
pear that azy content could fulfill such a condition. 

As one might anticipate, Schumann finds nothing contained in the 
perception of a unit save the several perceptions of its constituents 
plus such of our reactions to the stimuli as result only from their com- 
bined action. ‘*To forma unit-whole means at bottom to act as a whole 
(on a percipient)” (Zeitschr. 17, 135 f.). Such ‘ action as a whole’ 
is exemplified in the feelings and associated images produced by 
melody, no fraction of which results from a single note struck alone. 
It is this content that remains constant when the melody is played in 
another key, and which leads us to pronounce it the same melody. 

The view which Schumann is here opposing, and which Meinong 
defends, is that of Ehrenfels ( Vierteljahrschr. f. Wiss. Phil., 1890 
There are present, thinks Ehrenfels, in the perception of a unit, certa 
contents not resolvable into any that Schumann suggests. These he 
calls *‘ Gestaltsqualitaten’ and defines them to be ** such unitary men- 
tal contents ( Vorstellungsinhalte} as are connected with the presence 
in consciousness of perceived complexes which themselves consist o! 


separable elements” (loc. cit.). 
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As an isolated statement of doctrine the term ‘ Gestaltsqualitit’ 
nd its definition just given would fit Schumann’s view about as well as 
‘hrenfels’.. Both assume that the perception of a unit involves some- 
thing more than the aggregate perceptions of its parts. And to this 
‘something more’ is relegated the function of explaining why we de- 
tect sameness of ‘form’ in two complexes whose constituent elements 
are quite unlike. The only question would seem to be the empirical 
one—are these ‘ form-qualities’ further analyzable? 

But back of these like-sounding formule is a profound differ- 
ence of motive to which Meinong gives expression. In fact, if it 
were merely a question of finding a ‘common element in change 
Schumann’s feelings and associated images might answer. So might 

ether-wave or a cannon shot. But whatever relation, causal or 
otherwise, these might bear to our judgment of the likeness of two 
complexes, they would not be what we mean by the unity of each of 
these complexes (232 f.). And here the difference in method shows 
its effects. 

What conditions must this unity-content fulfill if it is to exhaust 
our meaning when we regard a group as a unit? Just as a relation is 
built upon its terms and is not to be thought without them, so a unit 
Complexion) is founded on its parts, and whatever content corre- 
sponds to its unity cannot be thought independently. Both of these 
(relation and unity) are called ‘ objects of a higher order’ whose char- 
acteristic is to be * built upon other objects as indispensable presup- 


positions’ (1g0). The two are indeed ‘partially coincident’ in meaning, 
1 ‘relation is the complex from the point of view of its constituents 
the complex is the relation and its terms taken together’ IQ4 ). 
It is quite evident that the accuracy of Schumann’s introspective 
wers is not the real point at issue, for no such * gew6hnliche Vorstel- 
ingen’ as he is looking for could satisfy the conditions of requiring 
other perceptions as ‘ indispensable presuppositions’ and of belonging 
to one group of these and to it alone (237). The question is whether 
ny term that does fulfill these conditions can remain (like Ehrenfels’ 
n-qualities) * Vorstellungsinhalte’ or even (like Meinong’s objects 
higher order) ‘ objects’ of inner perception. 
Of course much depends on the definition of inner perception. 
M inong recognizes this and devotes the second « hapter of his article 
survey of the field of introspection. He proceeds, by an appeal 
rospection, to show that introspection informs us of many more 


1ents of our mental life than Schumann is supposed to admit. It 


:1 } 


rms us not only of our perceptions of * physical objects,’ but also of 
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psychical objects (memory images), mental activities (judging, desiring, 
willing) and finally of such * ideal’ existences as are most relations and 
units. It is doubtful whether Schumann would recognize himself in 
Meinong’s account of his position. It seems less doubtful that Meinong 
has stretched his own definition of inner-perception beyond the breaking 
point when he comes to take an introspective account of stock. If ‘a 
thing can be said to be perceived (wahrgen.) only when its existence 
is immediately known, Z. e., ‘known without reference to any other 
knowledge which may in any sense serve as a premise’ (212), how can 
an ‘object of higher order’ be said to be perceived when its essential 
nature ‘is to be built upon other objects as indispensable presupposi- 
tions’ (190)? Immediate knowledge must be understood in so broad 
a sense that it excludes practically nothing in the way of interpretation 
that may be required to account for the meaning a given content pos- 
sesses when set in the system of our experience. 

From all this discussion the reader emerges with the impression 
that neither side has made a clear analysis of its own motives. Each 
argues as though a question of fact were at issue, whereas the question 
that needs an answer is not: What is t#e fact? but: What is a fact? 
The answer belongs to a theory of experience. Meanwhile it seems 
fairly clear that Meinong’s motive for insisting upon the factual char- 
acter of * objects of higher order ’—their accessibility to mere observa- 
tion (even though introspective )—springs from a desire to escape from 
an appeal to ‘ nominal-definitions’ to account for the relationships ex- 
isting within our experience. To call these ‘objects’ (of any kind 
discoverable to immediate perception (of any kind), seems to save the 
‘objectivity.’ One may sympathize with the motive without feeling 
that so simple a device is fitted to its accomplishment. But Meinong 
promises a more epistemological study of the problem, and this may 
remove some of the difficulties imposed by a restricted method. 

EpGAR A. SINGER, JR. 

UNIVERSITY OF PENNSYLVANIA. ; 


Ueber ‘Gestaltgualititen.’ By H. Cornerius. Zeitschrift f. Psy- 

chologie u. Physiologie d. Sinnesorgane, Bd. 22, 1o1. 

The psychologists who have deprecated what has seemed to them an 
over-emphasis upon the experimental method will welcome the tend 
ency of the immediate present to recur to the problems of systemati 
and theoretical psychology. They may fail, however, to recog: 
that this revxazssance of interest in the underlying conceptions of psy- 


chology is due, in great part at ieast, to the impetus given to all psy- 
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a relation which is most evident when, as often happens, t 
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logical study by the experimental investigation of special problems 


ne psycho- 


rical theorists are themselves experimentalists. This discussion of 


rnelius, for example, UVeder ‘Gestaltqualitdten,’ is directly based 


a 


pon the adstractions theorie' of one of the most exact of experimenta 


nvestigators, G. E. Miller. This theory is summarized and sup- 


ted by Cornelius, after the following fashion: Simple contents of 


nsciousness (/nzha/ten), in spite of their ‘inseparable unity,’ have 


lifferent modifications or attributes, in that they are similar to several 


ups’ of simple conscious contents. ‘¢ So, for example.” Cornelius 


suotes from Schumann and Miiller, *¢ a simple clang may belong at one 


| the same time to the group of so-called deep tones, to the group 
faint tones and to that of the soft tones, and one therefore distin- 
shes in it the three modifications of depth, faintness and softness ” 

103). This occurrence of similarities between the contents o 
consciousness is an inexplicable but fundamental fact ( Grunxdthat- 
he) of our experience (p. 105) ; it is different from mere sensational 
sciousness (p. 106 ff); it does not consist in the mere association 


such words as * like’ and ‘similar’ (p. 107); and it is as imme- 


liate as sensational experience itself (p. 110 


lo this re-statement of the essentials of Miuiller’s theory, Corne- 
s, following Ehrenfels in the main (p. 114), adds the followin 


ollary: complex as well as simple contents belong, by virtue of 


eir similarities, to different groups. [hese similarities are not 


ly those of the simple contents of which the complexes are made 
on the contrary, contents composed of the most diverse parts may 
resembie each other (p. 112). Such resemblances are mainly 

f order and may be exemplified by likenesses of interval in 


erials. These 


ies, and bv likenesses of form in different ma 


es, predicated of complexes only, by reason of the similarities 


iar to them, Cornelius names Gesta/tqualitda wr * qualities of 


p. 113), including under this term what is ordinarily known as 


lation’ ( p. 116), and carefully distinguishing the Gesta tqualitat 
the feeling which may be its accompaniment (p. 117 

Even so brief a summary has shown that the theory defended by 

nelius contains two distinct features. The first of these, the doc- 


tf an immediate and unanalyzable consciousness of similarity, 


in the opinion of the writer, abundantly established, defend- 
successtully against the counter-theory of verbal association 
‘ond of hi mS { Fey ' f } SaaS 
e second of his doctrines, the identifica n of observed * simi- 
© As reported by Schuman, Zeitschrift sych., u. Phys., Bd. 17, 106 ff 
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larity’ with the ‘attribute’ of either simple or complex content of 
consciousness seems to the writer essentially untenable. The innu- 
merable varieties of colors, brightnesses, pitches, loudnesses, which 
erience, suggest the inherent unlikelihood that the one experi- 


we Cx} 
The Con- 


ence of similarity should be the essential feature of each. 
clusive objection to the theory, however, is reached by an appeal to 
introspection, which plainly contradicts the assertion that one’s con- 
sciousness, say of the color-quality yellow, is nothing more nor less 
than one’s consciousness of the likeness of one particular thing to 
a group of others. Certainly, this consciousness of similarity may ac- 
company that of the yellowness, but the two are not identical. 


It should be noted, in conclusion, that this doctrine of attributes 
does not make good its claim (p. 103, note) to reconcile the alleged 


simplicity of the sensation with the existence of different attributes. 





A content of consciousness consisting, after the manner cf Miiller’s 
sensation of sound, of a consciousness of similarity to several groups, 
would include within itself whatever corresponds to the term * severa! 


groups,’ and would thus be far from simple. 
Mary Wuitron CALKINs. 


a } WELLESLEY COLLEGE. 
i, if 
i COLOR-VISION. 
, 
; The Space-Threshold for Colors and tts Dependence upon Con- 
5 trast. By W. B. LANE, M.A. University of Toronto Studies, 
; Psychological Series. 1895. Also, Transactions of the Canadian 
i Institute, V. (2). 
i The question how small an object may be, and yet continue t 
{ distinguished in its proper color, has received some attention from 
; time to time, and notably at the hands of Woinow and of Aubert. 
Their work was interesting as an opening up of the subject, but it is 
j susceptible of great improvement in the way of method and conse 
. quently of reliability of result. They made use of ordinary pigments 
} which had not been tested for their spectral composition—a plan which 
: is open to serious objection. For not only may a pigment which is 
| green on the whole, reflect a large amount of spectral light on either 
. side of the green, but a given color may be produced for con : 


ness in two totally different objective fashions. And not only is this 
true as matter of theory, but, as matter of tact, of the ordinary colore 
glasses of commerce, it will be found that red is red because it re- 


flects red and absorbs blue, green and yellow, while the glasses « 
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other colors are more likely to get each its domination by absorbing its 


cre 
ind 


iplementary only, and by reflecting the greater part of the rest of 


e spectrum—by reflecting green, for instance, and such quantities 
f yellow and blue as suffice to destroy each other. It is, therefore, 
evident that where it is inconvenient to make use of spectral colors, it 
is still absolutely essential to secure approximately simple spectral 
sht, by means of reflection from and transmission through the proper 


mbination of papers, gvelatines and e@lasses, if results are to be ob- 
tained which are in the least capable of comparison with those of dif- 
ferent observers, and hence, of becoming authoritative. It is equally 
ry that the colored facese ined sl ld be of e | bright- 
necessary that the colored surtaces examined snould be oj equa right 
ss. The question of background is also of importance; nothing 
be seen except against some kind of a background, but if the 
keround differs in color only, the disturbances of brightness-con- 


trast are done away with, and the question is reduced to as much sim- 


licity as it is capable of. 


[he investigation before us is one of great ingenuity, painstaking- 


ness and thoroughness. Mr. Lane has succeeded in projecting a 


> 


surface of any color (and of accurately measured size) against a back- 


} 


of any color and of absolutely equal brightness. The means 
ved for this is simplicity itself, and it is the same essentially as 


used by Hess and Pretori (Arch. f. Opth., 1896.) ; it consists in 


levice by which the bit of colored surface and its background are il- 


inated by means of two different sources of light, the intensity of 


+ 


of which can be regulated at 


yleasure, so that if one paper is darker 


| 
inother it can be made equally bright by a stronger illumination. 
fF the Kirschmann 
ragm, which consists of two pieces of brass each in the shape of 
vo adjoining borders of a square, and movable one upon the other by 


irately measured amount. For these experiments the diaphragm 
self was covered neatly with the colored paper which was to constitute 
e background (which in this case therefore was actually a fore- 
und), and through it was seen the surface of color whose space- 
reshold was to be determined, the important feature of the arrange- 


Id ] 


ld always be made of exact] 


nt being that ground and spot cou 7 


jective brightness. It was secured that the papers tested were 

equal saturation by mixing one of them, if necessary, with gray 
the color-wheel which constituted the remoter surface. 

Having secured this good apparatus, Mr. Lane naturally tested, in 

f 


ASC O 


each color against each background, including gray of the 


ime brightness and also black [why not white?], not only the size at 
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which it became visible in its actual color, but also that at which it 
was first perceived to be of some color (though a wrong one) and 
that at which it was first perceived as a colorless spot. These several 
thresholds are referred to as the achromatic, the chromatic, and the 
characteristic color threshold. Among the results found are these: 
Against a black background, blue has the lowest achromatic thresh- 
old and red the highest, or, in fact, none at all, for red uniformly ap- 
peared red against black when first visible, though it passed through a 
brief achromatic stage against gray [as the gray was carefully made 
of the same brightness as the colors (p. 33-34), What was the nature 
of this achromatic sensation which could be distinguished from it?}, 
In general, the achromatic and the chromatic curves are singularly 
level, even where there is a colored background, a fact which it would 
seem tends to show the excellence of the method, but the character- 
istic color curves present excessive irregularities. Thus for a given 
observer against a black ground, the size of the opening in the two 
former cases varied only from one to two and three minutes of visual 
angle, but for getting the actual color it was necessary to have an an- 
gular opening for yellow of 37’, for blue of 20’, and for green of 15’, 
while red could be seen as red at an angle of 3’. (It should be noticed 
that as the experiments were made in a dark room, the eye must have 
been in a condition, very nearly, of darkness adaptation; whereas this 
Was once supposed to be a state of extreme repose of the eye, it Is 
now known to be a very special state of visual re-inforcement, by 
means of the rod-pigment, for the purpose of night-vision. Of the 
two sorts, the daylight space-threshold would have been very much 
the more interesting one to obtain.) When the background was 
colored (and hence when color contrast prevailed) these points were 
made out, for all observers: on a red ground, there was a marked 
lowering of the threshold for blue; on a blue ground, there was in ex- 
treme lowering of the threshold for red; ona green ground, there was 
also a strong favoring of red. Other than these, there were few in- 
stances of marked agreement among the different observers, except 
that, of course, the colors immediately adjoining, in the spectrum, the 
colors of the background were hard to distinguish from it. Mr. Lane 
lays much stress on the fact that, as he says blue enhances the per- 
ceptibility of red, and red that of blue. But as far as red is concerned, 
it should be noticed that it is an extremely prominent color on black 
and on gray, and markedly so on green, as well as on blue. [A 
background of yellow was not tried; it is hard to see the reason of 


this omission.] It may also be that chromatic aberration (which is 
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extreme for red and blue) had something to do with the case; and 


mention is made of the effect which it would seem might have been 


no 


ry? 
D 


uced by the circumstances that the two surfaces looked at must 
have differed considerably from each other in respect of distance from 
the eve of the observer. 

When the background was gray, the true-color curves of the dif- 
ferent observers have much more uniformity throughout the spectrum ; 


} 


their characteristic may be stated thus, with a good deal of exactness 


h Mr. Lane does not put it in just this way): the fundamental 


colors red, yellow and blue are much the most easily perceived; the 
subjectively ) mixed colors are much the most difficult to make out; 
reen however is (like the mixed colors) a color of maximum difficulty, 
it this may be readily explained by the fact that in the state of dark- 
ness adaptation (which seems to have prevailed) green is very much 
vershadowed by the excessive functioning of the rods—the absorption 
of the rod-pigment, and, fard passw (as has been shown by Konig), 


intensity of the darkness-vision, have each a maximum in green. 


A few other points may be noted for mention. The fact that red 
ypears first as red, and has no preceding stage in which it is seen first 
s gray, is spoken of as if it had not yet received explanation, or even 
f it were of questionable validity. “It has Jerhaps frequently 


en noticed that a red light, for instance the port light of a vessel at 


sea or the danger light of a train, remains visible as red almost or quite 


} 


is long as it is visible at all.” The fact is of course weli known, and 
s merely a consequence of the fact that the night-vision sensation 1s 
st non-existent in red light. Why there should be also only 


very short achromatic space for the sensation produced by yellow 
t,in the experiments here described, is not so easy to understand. | 


1 
} 


he fovea is said to have been the portion of the retina made use of 


r the observation, but there seems to have been no means employed 


ake sure that this was constantly the case. There is hardly sufh- 
nt discussion regarding the nature of the wrong color in which each 
Was seen (it appears from the tables that there was nearly al- 
ys such a wrong color, and that it frequently persisted until the spot 
1 attained many times the size at which it first became colored). 
What appears to be most striking under this head is that red and blue 
were not only best perceived, but also most frequently substituted for 
other colors. 

The fact that not only faint colors but also diminutive surfaces of 


= a ° ° 9° 
color appear (unless they are red) as spots of achromatic quality be- 


re they can be distinguished (a fact first noticed by Plateau) adds 
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one more to the long list of disproofs of the Young-Helmholtz hy- 
pothesis. As this author says, according to that theory the composite 
colors, as orange, olive, purple, peacock (blue-green), when their ret- 
inal image is very small, should have a tendency to appear in one or 
other of their component colors, on account of the isolation of the 
nervous elements stimulated by so small an exposure of colored sur- 
face. ‘* But the contrary is the case, as we have seen. Instead of 
vanishing into some other simpler element, the alleged composite be- 
comes a colorless point of light, a phenomenon which this component 
theory fails to explain.” The primary colors, also, ought not to have 
an achromatic sub-threshold; ‘** for if these color-tones are the constit- 
uents of white light, we should never expect to find, as is the case, that 
they lose their color at small angular sizes, and appear as that white 
light which is supposed to be the product of all three.” This argu- 
ment has, of course, been already made much of, and in the first place 
in the opposite sense, for Holmgren thought that a white spot did be- 
come, when very small, one or other of the different fundamental col- 
ors, as it fell upon one or another of the visual elements. But the 
inversion of the fact, brought about immediately afterwards, both by 
Hering and by Konig, caused the argument, of course, to work 
strongly in the other direction. 

The careful reader of this paper will come upon certain discrepan- 
cies of statement which are without doubt due to misprints of some 
kind, only it is sometimes difhicult to know which of two. statements 
is the correct one. I’or instance, it 1s said ( Table XVIII.) that orange 
or blue is seen as red up to the whole possible size of the opening 


and also that it is seen, by the same observer, in its true 


(2. Ce. 2 i )s 
color at 11' go"; that it remains red to the end for another observer, 
and is also seen as orange at 1° 54'; that eight observers saw it, in 
the average, in its true color at so small an angle as 30! 40", and also 
(p. 53) it **has scarcely any characteristic space-threshold within 
the limits of the diaphragm aperture,” and ** is never seen as orange 
except by one observer”; again, ** orange remains red and not orange 
up to the fullest opening of the diaphragm.”  ‘* This notable p! 
nomenon is therefore not a trifling irregularity of a limited retinal ar 


ne 


but is more probably a property of color phenomena which must 
recognized and reckoned with in any adequate theory of colors,” | 
which is the phenomenon? (The curve drawn for the eight observers 
agrees with the table and not with the text. ) 

The strong tendency which red and blue show towards re-inforcing 


each other is brought by Mr. Lane into connection with a case ol 
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color-blindness described by Kirschmann (Phil. Stud. VIII., 199), 
monocular and congenital, in which red and blue were the colors 
which could be seen. Mr. Lane’s paper is followed by a description 
of a new case of apparently the same nature, though that was not so 
certain, as the defect was not monocular. Similar cases have been 
described by Kénig; they are not easy to understand, but they may 
possibly be due to a defect in some higher region of the brain, where 
there are undoubtedly different centers for the different color sensations. 

These results are quite without connection with those of Aubert, 

riven by Helmholtz (Physiol. Optik, p. 375); in view of the im- 
portance of the subject, and the difficulty of attaching any meaning to 
the facts as here given, it is very desirable that they should be con- 


firmed by other observers. ‘This does not mean that the present paper 


does not bear every mark of being a thorough and exact piece of 


re earch. 
C. L. FRANKLIN. 


MEMORY, 


NLICV SUE Aung nw ibe r das Gedichtuiss fur rdaumliche Dist inzen des 
Gesichtssinnes. Von ZWwrran RAvosLawow-lIlapji-DENKow. 
Philosophische Studien, », oe 3: 

The object of this work is thy investigation of memory of short 

stances. 

The apparatus consisted of two dark points on a white background 

irranged that one might be quickly moved to or from the other by 
means of a micrometer screw. 

Che methods employed have long been in use. 

1. Herr Denkow finds that as the time between the observation of 

i¢ distance to be remembered and our attempt to remember it is in- 

creased the accuracy of recollection is decreased. In othe words, the 
onger the time through which we have to remember a distance the 
greater the inaccuracy of the memory. 

The formula in which this conclusion is expressed amounts to an 
assertion that the accuracy of memory for distance 1s within limits 
pl ctically proportional to the lovarithm of the time. 

This is hardly more than a confirmation of the results of Ebbing- 

ius, Wolfe and others and was to have been expected. The only 

case known to me in which it has been doubted that this law is invari- 


vy true is that of Paneth’s! remarkable experiments on memory of 


“Paneth, Centralblatt f. Phystolorvie, 15q0, d1. 
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time intervals. Here, apparently, the memory is as accurate after a 
lapse of five minutes as after three seconds. 

z. It was discovered that memory for distance is considerably more 
accurate after a lapse of 214 seconds than after 1 second. Wolfe, 
Lewy and Bigham met with this same phenomenon, which, indeed 
appears to be universal. 

Herr Denkow attributes this strange fact neither to fluctuations of 
attention nor to the nature of memory as such, but rather to extern 
circumstances, such as haste, confusion, inability to ‘ pull one’s self to- 


gether’ in so short a time as one second, etc. In this he agrees wit 


Lewy. 

Whatever its explanation may be, the phenomenon is one of great 
importance to experimental psychology and has often been overlooke 
in situations where it must have been of consequence. For instan 
we find that in many attempts to investigate the relationship of Weber's 
law to sound, the experimenters have allowed the stimuli, whic! 


course, are necessarily successive, to follow each other at an interval 


of only one second. Evidently better results would have been attained 
had the interval been lengthened to two or three seconds. 
3. In the curves expressing the relationship of the time interval to 


3: 
the accuracy of recollection for distance there are two great variations 
the first appearing usually at the ten- and the second at the thirty- 
second point. The memory of distance is more accurate after a lay 
of 10 than after a lapse of 7 seconds, and also more accurate after 30 
than after 25. 

Baldwin, Bigham and Lewy have also noticed this phenomenon 


Ter 


Herr Denkow does not know how to explain it. However, he 
certain, and apparently with justice, that it cannot be reduced to acci- 
dent or to external conditions, but that it must be a phenomenon of the 


memory function itself. 
4. The experiments were carried out in the following manner 


First the distance to be remembered was exposed to the view of the 


subject, then hidden, then after the desired lapse of time another dis- 
tance was brought to sight. Finally the subject was required to deter- 
mine whether the second (comparative) distance was greater than, 
equal to or less than the first (normal) distance. Now, it appears 

through the experiments that in those instances in which the ¢ 

parative distance was actually equal to the normal one, it was int 
majority of cases judged to be greater. That is to say, there was an 


evident and constant tendency on the part of the subject to judge the 


*f 


, 


second distance as greater than the first, when, as a matter of fa 
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they were equal. This illusion must be the result, either of an 
undervaluation of the first or an exaggeration of the second distance. 
Several investigators who have elsewhere observed the same phenom- 
enon have naturally assumed the former case to be the true one. But 
our author takes the opposite view, and speaks of the illusion as one 
of the overvaluation of the comparative distance. In explanation he 
offers the following ingenious hypothesis: ** Upon shutting the lids the 
eyes are turned downward and toward each other; but upon opening 
they take an upward and outward direction (7. e., they diverge). It 
therefore seems to me probable that the subjects of the experiments, 
who in the interval between the first exposure and the second kept 
their eyes closed, judged the comparative distance to be greater than it 
actually is because of the feeling of increased tension which accom- 
panies the motions of looking upward at the objects.” 

In their experiments on ‘ memory for square size’ Baldwin, Warren 
and Shaw, working together, came to a conclusion which seems flatly 
to contradict the existence of the phenomenon which Herr Denkow 
is here trying to explain, for they claim to have discovered that when 
the comparative and normal figures are actually equal in size there is 
a tendency to judge the former as the smaller. Thus instead of speak- 
ing with Herr Denkow of an ‘ exaggeration of the comparative dis- 
tance’ they refer to the direct opposite, 7. e., ‘an increase in the 
memory image.’ 

Herr Denkow takes the work of these investigators into account, but 
endeavors either to show that in spite of their own assertions the re- 
sults really confirm his position, or to cast doubt on the value of their 
work. It seems to me that he has failed in both attempts. The sit- 
uation is certainly an interesting one and worthy of further research. 

In this connection it would have been well had our author extended 
his reading a little further. Tschisch,' Lehmann,? Merkel® and 
Starke * found that when two sounds objectiy ely equal in intensity are 
given, one after the other, the second is judged to be the greater. 
Moreover, Leuba,’ working on the classification of artificial stars of 
different intensities, found that a strong light stimulus tends to be re- 
membered as fainter than it really was, while, on the other hand, a 
weak one tends to be remembered as brighter than it actually was. In 

"Ueber das Gediichtniss f. Sinneswahrnehmungen. Internationaler Con- 
gress f. Psychologie in Miinchen, 1896, S. 95 

* Philosophische Studien, V11., 169 
* Philosophische Studien, UV., 137. 
* Philosophische Studien, II1., 270 


*"American Journal of Psychology, V., 370. 
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order to explain this he suggests the general theory that consciousness 
tends to form for itself a sort of single and typical representative of 
each class of experiences; that this is, as it were, a residuum of pre- 
vious perceptions; that it corresponds approximately to the middle 
term in the scale of perceptions; and finally that our memory images 
are, so to speak, attracted toward this mean and typical term. Thus 
intense, large, or temporarily long perceptions would have a tendency 
to be undervalued in memory, and v/ce versa. 

It would have been interesting to have had Herr Denkow’s opinion 
of these investigations. It certainly seems strange that such a valuable 
and pertinent piece of work as that of Leuba should be overlooked. 
This, however, is unfortunately a characteristic trait of work in this 
sphere. I cannot now remember ever having seen Leuba’s article re- 
ferred to or quoted by any writer on these subjects, and yet there is 
scarcely | ything in this line which equals it in suggestiveness. 

5. li. .nost of the experiments the subject was instructed to keep 
his eyes closed during the interval between the exposure of the normal 
and comparative stimuli and was otherwise left undisturbed. However, 


an effort was made to investigate the effect which the deflection of at- 





tention during the interval might have on the accuracy of recollection. 


In order to determine this the attention of the subject during the 





period between the two stimuli was occupied in various ways: eithet 
’ by sounds (metronome strokes), impressions of sight (colored. sur- 


faces) or by reading aloud to him. 





Our author comes to the important and astonishing conclusion that 
in all cases the accuracy of memory is enhanced if during the interval 


the attention is deflected from the thing to be remembered to some- 








thing else. 





The explanation offered is based upon the phenomenon of fatigue. 





The points of interest which I have tried to present do not exhaust 





the work, which contains much of importance. 





The researches are carefully carried out and are no doubt the prod- 
uct of much labor. They will certainly be of value to the future 


student of memory. Indeed, they should take rank with the best ef- 
forts in this sphere. It is only unfortunate that they cannot be carried 
further. We have as yet no work of this sort which has nearly ap- 
proached completion, and this article, like the others, comes to an e1 

just when one feels that he is about to get some real insight into the 
functions under consideration. Both Wolfe and Herr Denkow were 
students in Wundt’s laboratory. Each has worked with his own ma- 


terial and yet their investigations have ina sense overlapped. ‘The re- 
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searches of the former made it almost certain that three of the five 
points mentioned above would be observed by the latter. What is 
needed in the experimental study of memory is not so much the ex- 
amination of material still unexamined as the patient working to the 
end of investigations already begun. 

FRANCIS KENNEDY. 


UNIVERSITY OF COLORADO. 


RHYTHM. 


Zur Grundlegung einer Aesthetik des Rhythmus. Dr. Max Ett- 
LINGER. Zeitschrift fiir Psychologie u. s. w., Vol. 22 (1900), 
No. 3- 

Dr. Ettlinger’s monograph is a theoretical discussion of the nature 
of the rhythm experience, based chiefly upon the published work of 
Meumann and Bolton. The introduction sets forth the problem pre- 
sented by an investigation of rhythm. Rhythm does not exist as a 
pure art-form. It is a particular «esthetic aspect of music, dancing 
and poetry. Its appreciation is a form of time- and intensity-percep- 
tion, specialized only by wxsthetic worth. Its objective relations may 
present chronometrically simple forms and the periodicity of its group- 
ings may conduce to a clearer apprehension of the successive elements, 
but the rhythm experience does not consist in any such factors; it lies 
in the connection of a directly conscious process of feeling with a sim- 
ultaneous series of ideas. The value of this subjective factor is evident. 
Rhythm is not presented in an objective form like architecture; it must 

e produced afresh on each occasion. It is necessary, then, in addi- 
tion to an investigation of the constitution of the rhythmic art-forms 
to consider our relation to them when we take pleasure in them. We 
must determine the factors of the rhythm experience. This experience 
arises under two roughly discriminable conditions—first, when it is 
connected with a periodically changing perception content, and sec- 


ondly, when it consists in a wholly subjective rhythmization. In the 


latter form we seem to approach most closely to an isolation of the 


peculiarly subjective elements. The paper is therefore divided into 
three sections: first, the phenomenon of subjective rhythmization ; 
second, the objective factors of rhythm, and third, the rhythmic art- 
forms and their pleasantness. 

Subjective rhythmization occurs only when the successive elements 


are not specially attended to, and when the members of each adjacent 
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pair lie within the same act of immediate time-perception, for these 


successive elements are not independent experiences associated in 


memory, but are essentially one experience, though their unity lies 
only in a subjective synthesis. Among the facts to be accounted for 
by any theory of such rhythmization are the following: The sensation 
with which one is specially concerned appears louder than the sur- 


rounding sensations. The louder (subjectively) tone seems also the 
longer. The pause following the accented element appears shorter 
than that following the unaccented. And the series of sounds must 


be listened to for a certain time before subjective rhythmization arises. 


The author bases his own explanation upon the appearance of tw 
tendencies accompanying the hearing of any such series. In the first 
case—when the elements are attended to singly—the gaze is directed 
backward, each sensation is assimilated with the foregoing, and t 

new comes unexpectedly. In the second—in which the individual 
elements are overlooked—the series is apprehended as a constant for- 


h element forms a point of transition to 


ward movement, in which eac 
There are here, then, two opposing forces, the one forward- 


The basis 


the next. 
striving and positive, and the other negative and retarding. 


of the positive tendency lies in the close temporal connection of the 


whole series; the basis of the negative lies in the isolation and force 
of the individual sensation. The inner accent of subjective rhythm is 
nothing else than the emergence of the secondary retarding tendency, 
while in the unaccented elements the primary tendency to forward 
movement prevails. Through the balance of these two forces accented 


and unaccented are united in one organic unity, the rhythmic group. 
Of the various objective factors of rhythm the chief are relative 


A fourth, 


intensity, duration and form of succession in the elements. 
the variation in quality among the elements, though of the greatest 


importance in music, lies here in the background, because of the high 
secondary significance of the symbols. Two closely succeeding 


sounds differing in one of these directions at once compose a unl 
latter case the 


\ 


which does not appear if they are uniform. In the 


feeling of rhythm arises only gradually, while in the former it appears 


at once. This process of unification consists in the appearance of an 


image of motion, a motion opposed, transcending opposition, and 
freely reinstated. The retarding factor is given in the accented el 
ment, the forwarding in the unaccented. 

When a variation is introduced in any one of these directions, it 1s 
subjectively contributed in other directions. ‘he most common ot 


these is the change in intensity, and next that in duration. These o! 
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‘ective factors are not of equal value. Those are the most powerful 
which have the greatest retarding influence, namely, intensity and 
pitch. No single form of change is indispensable; the rhythm ex- 
perience may connect with any one. In one regard, however, the 
conditions are fixed: the form of grouping is always determined by 
duration, whether the intensive accent agrees with it or not. This 
does not agree with the reviewer’s experimental results. Modes of 
arrangement obtained by specific changes in the duration of the suc- 
cessive intervals were readily dissolved, and inverted forms obtained 
by increasing the intensity of the accented element. 

In his discussion of rhythmic art-forms the writer confines himself 
to a consideration of modern German verse-rhythms. Rhythmic syn- 
thesis does not cease with the simple group. Beyond this there is an 
oscillating play of opposing forces sustained throughout long periods 
nd possessing a higher integration than that of any individual group. 
Chis form can be understood only from a consideration of the whole 
series, never from that of single groups. It presents a system rounded 
out to completeness, with beginning, climax and close. 

Its simplest units present two phases, first that of the falling group 
id, in which the preponderance of the retarding tendency marks the 
passage from rest to motion, and the rising group dd, presenting a 
passage from gentle motion to a decisive stop. Now since the deter- 
nining and clarifying of the rhythmic form depend upon the stress, 
the falling group is fitted to initiate a movement but not to close it. 
Che rising group, onthe contrary, gives no clear beginning to a move- 
ment, but, placed at the end, brings it definitely to a close. Also since 
the accent directly affects the apparent length of the interval following 
it, the fempo of the falling group is retarded, that of the rising group 

celerated. This the Greeks recognized by calling the trochee 
hesychiastic, ‘restful,’ the iambus dZasta/tic, ‘ stirring.’ Hence also 
Bach’s usage of the former in the chora/, and of the latter in the 
avotte. 

Dactyl and anapest are explicable according to the same principle 
as the trochee and iambus. The anapezst leads from rest through 

tion to a stop more decisive than that of iambus. It shortens the 


h 


succeeding pause still more, and is still more hasty. The harshness 


ts sudden close is softened by the mediation of the next initial 
element. It is, therefore, not suited to conclude a measure. (This 
is not the case in English verse, where the typical anapzst closes with 
+ ] 


the final accent unmodified, though it is questionable if this be not a 


less perfect art-form than the German. The dactyl passes from rest 
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through motion to a pause, and has an effect like that of the trochee. 
It is fitted to introduce a restful movement but not to close a line. 
The Greeks regularly observed this limitation in the function of the 
secondary falling group by closing their dactyllic lines with the tro- 
chaic measure. Dr. Ettlinger’s article is a welcome contribution to 
the study of rhythm. 
Ropert MacDouGa tt. 
HARVARD UNIVERSITY. 


A Study of Lapses. By H. HEATH BAWDEN, A.M. Monograph 
Supplements of the Psychological Review, Vol. III., No. 4, April, 


1goo. 

This is a study of certain minor forms of aberration in thought 
which find their way into spoken and written language. These er- 
rors are what are commonly called lapsus linguze and lapsus calam 
The data here studied are chiefly collated from ordinary spee 
and writing. Some use is made of experimental material, but 
for the most part is reserved for further consideration in a ‘ Genetic 
Study of Lapses.’ The lapse is considered first from the standpoint 
of its conditions and the general problems connected therewith. Next 
follows an analysis of the factors which enter into the speech and 
writing consciousness. Then we have an interpretation of the laps¢ 
as an example of mental assimilation. And lastly there is a statement 
of the laws or principles involved in the occurrence of the lapse. 
number of subordinate questions come up for discussion, such as 
question concerning the psychological unit in the use of language 
the problem of the fundamental imagery of * meaning,’ and 
criticism of certain current conceptions, such as the use of the te1 
‘sensory’ and ‘ motor’ in psychology and the so-called ¢ laws of 
sociation.’ 
The lapse is found to be a subconscious formation, the product 
some process beneath the threshold. That is, these errors are pur 
ideomotor in origin. There is no hint of what sort of an erro 
will occur until it is actually seen or heard after it has been made. 
The first experience of the person himself is the auditory or Visi 
perception of a lapse, Zz. e., a word is recognized as having been spoke 
or written in a connection where it has no meaning or where it 
a meaning that was not intended. 

Lapses are described as belonging to the abnormal or pathologi 
phenomena of mental life. The fact is, that lapses run right over int 


+ 


paraphasia. The only difference is that in the aphasic patient the 
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condition becomes permanent, while in the normal experience it is but 


transitory. Intervening stages are found, however, which make it 


clear that the conditions are the same in kind for the two sets of phe- 
nomena. 

On the surface, lapses appear very much akin to what are ordinarily 
called sense illusions. We often say and write just such peculiar 
things as we hear and see. Sometimes it seems as though the lapse 
were merely an exteriorized illusion in the interpretation of verbal 
symbols. Upon careful analysis we find the one passing over into 
the others, or rather the two types of error at certain points are in- 
distinguishable. When the sensory elements preponderate we call 
the error a sense illusion; when the motor elements preponderate we 
call the error a lapse. 

In its unique and bizarre forms the lapse reveals the real complex- 
ty of our verbal consciousness. It may be regarded as an instance 

what Stout has called coalescence or overlapping, which presup- 
poses the existence of certain mental systems which come into con- 
flict or competition and under varying conditions exhibit these pe- 
culiar phenomena of coalition or fusion. Such verbal coalescence 
involves the interconnections of at least three types of imagery, the 
auditory, the visual and the kinxsthetic. Speech is chiefly in audi- 
tory-kinwzsthetic imagery; writing in visual-kinzsthetic imagery. 

These different types of imagery combine in different ways, ac- 
cording to the past experience of the individual, into more or less 
flexible units of meaning. Even a lapse represents the tendency of 
the mind to make something with sense out of the impressions which 
it receives from without; it represents the attempt to find something 
or to put something into the bare symbols. Lapses show that the 
setting or context of a letter or word is what determines its meaning, 
for sometimes the order of words in an entire phrase will be inverted 
O1 transposed and yet the process of expression be not in the least in- 
terrupted because the unit of meaning in that case happened to be 
larger than the merely verbal error. This shows that speaking and 
reading at least are meaning-Wise rather than spelling-wise. Lapses 
show very plainly that the psychological unit of language is very dif- 
ferent from the merely grammatical or formal unit, and much is to be 
expected from a comparison of these phenomena with the results of 
philological research. 

This view of the nature of the psychological unit in verbal con- 
sciousness means that the old static conceptions of laws of association 


must be revised or at least restated. The so-called laws of similarity 
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and contiguity, for example, in the light of such phenomena as lapses, 
are to be stated as a single law, that contiguous similars tend to coales 
But we must seek further than these so-called laws for an adequat 
functional statement of the meaning of these errors. This is found int} 
two general principles of habit and attention—represented, in the 

of lapses, by the persistent and anticipative forms. Persistence repre- 
sents psychologically the standstill of the organic adjustment involy 
in speaking and writing. So long as you are doing over and over 
again the same thing that you have always done you are not getting 
ahead any in your experience, in this case, in your process of verbal 
expression. You are simply holding your own: in one sense, you are 
going backward, since everything else about you may be going for- 


ward. Anticipation, on the other hand, 1s the psychical correlate or 


psychological statement of organic adjustment and readjustment. It 
is what otherwise we call attention. Attention is selective, and 
selection involves anticipation. Attention goes to or is developed at 


or in the point of difficult adjustment. Ease of adjustment, re 
adaptation, mean reduction of consciousness and thus of attention, 
anticipation. Conscious experience is thus a constant disturbanc« 
a tendency toward equilibrium between the attentional and the 
matic processes. The errors or lapses appear at the point of read 
ment, at the point of tension between these two processes. T 
appear with the breaking up of an habitual process and in the openii 
up of a new form of expression in speaking or writing. 

A brief concluding section is devoted to suggestions for a psy 
ogy of the ludicrous. Lapses suggest that the essence of the sens¢ 
the ludicrous consists in the consciousness of some deviation from 
common or normal in experience, and that it has a fundamentally 
ethical significance. 

THE AUTHOR. 


Minor Studies from the Psychological Laboratory of Cornel 
University, NIX. Visual Reading, a Study tn Mental In 
agery. By W. B.Secor. Am. Jour. Psy., XI., 2,—Jan., 1 
Pp. 225-36. 

The author investigates the question, ‘+ Is it possible to read wit 

out mentally hearing the words, and without feeling them 11 

throat, the mouth or on the lips ?” He concludes that itis; that 


auditory element 1s a much more persistent factor,’ ** that ar 


4 


1 


and audition are to be regarded as aids in reading,” and that ** the pro 


inence of the auditory and articulatory elements in reading depends 
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ipon the type of the individual and upon the amount and kind of 
reading done by him.” He experimented upon four subjects in the 
llowing ways: First, he determined the ‘type’ of his subject by 


vetting him to introspect upon words with sense imagery content, such 


as drift-wood, waves, violet, book, etc. After the subjects had been 
classified as chiefly visual or auditory, they were given passages to read, 
‘tain inhibitory actions being exactedof them. Thus articulation, in- 
ipient or imagined, was inhibited by the subject’s whistling, reading 
ud a different thing or pronouncing a letter, while auditory imagery 
was driven away by various noises endured by the subject (such as 
xylophone playing). The result was * reading by vision alone,’ in 
the case of three out of four subjects. The fourth subject, like the 
present writer, was unable to banish the auditory imagery. The result 
rapid reading with the auditory-minded person seems to be that 
ere and there a word is imaged, but as if slurred, and the rest isa 


r—both of sound and of ideas. Unfortunately Mr. Secor does not 


give any indication of the nature of reading by vision alone, or its 

[he present writer not only finds that reading without mental 

lition is almost impossible and quite meaningless, but he has always 

iled to get any notion of what may be the state of mind during silent 

ling of certain persons who say that they read twice or thrice the 
ordinary rate of possible articulation, say 200 to 300 pages an hour. 
Wicrrip Lay. 


Ueber Ablenkbarkett und Gewohnungsfihigkett. By RAGNAR 
Vocr. Psychologische Arbeiten. III] Bd., I Heft, 1599. Pp. 
62-201. 

The main interest of the investigation under consideration centers 
out the methods employed by Vogt in his studies on the diversion of 
attention and the formation of habits, both habits of actual work and 
habits of resistance to distracting circumstances. A person is desig- 
nated as ‘*ablenkbar, wenn seine Aufmerksamkeit durch Eindrticke 
der Aussenwelt oder durch emportauchende Vorstellungen leicht in 
eine neue Richtung gedringt wird und damit ihre selbstandige Festig- 


+ 


keit verliert.” 

| lear ac he <wrTreaap “ listracti at > al ask _ 
in order to test the degree of distraction, various mental tasks are 
imposed, and into these tasks different diverting circumstances are in- 
jected. As a measure of the degree of distraction thus involved, Vogt 
takes into consideration the diminution entailed in both the quantity 
and quality of the work accomplished under the varying conditions. 


But, as is to be expected, a person soon becomes accustomed to dis- 
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tractions. These latter are, in fact, merely parallel events accompany- 
ing the main event. The degree of habituation, or practice curve, is 
thus determined by a comparison of the successive improvements in 
both the quantity and quality of work accomplished under similar cir- 
cumstances during a series of experiments. 

During by far the greater part of the investigation Vogt functioned 
as his own subject, 130 out of 186 hours of investigation falling to his 
lot. A few experiments were also conducted on three other persons 
and on two defectives. 

The entire investigation may be divided into two main groups 
I. Experiments accompanied with discontinuous interruptions, and II, 
Experiments accompanied with continuous interruptions. The former 
series consisted of three subgroups s (A) « lu ffassungsversuche, B) 
Additionsversuche and (C) Lernversuche. Each of these sub- 
groups will be briefly described. 

(A) Auffassungsversuche. These experiments consisted in } 
in the perception and naming of various series of 331 nonsense sylla- 
bles pasted on a rotating kymograph cylinder and seen through a small 
slit. Each experiment consumed about six minutes, with an average 
of four minutes rest between the consecutive members of the seri 
To determine the influence of diverting circumstances, Vogt intro- 
duced the marking of time by moving a finger in response to me- 
tronome bell-strokes at the rate of 19 per minute, while the sy 
bles were being read off. The distraction thus introduced is a sim 
reaction. As a complication of this reaction, and in order to intro- 
duce a definite memory factor in the parallel event, a similar series of 
experiments was performed wherein the same reaction occurred wit 
the additional element of a double finger reaction on every fourt 
beat. The remainder of these Affassungsversuchen consisted in the 
discrimination of the letters ], n, and s occurring in an unintelligible 
text (Finnish), under generally similar diverting circumstances as be- 
fore, and accompanied both with and without the cancellation of these 
letters. 

(B) The Addttionsversuche consist of two main species: ( 


The continuous addition for 10 minutes of columns of figures up to 


100, carrying the exdziffer of the sum to the next column and thus 
continuing to the time limit, when a rest pericd of 5 minutes was in- 
terpolated; (6) The addition of successive pairs of figures arranged 
in columns, with the writing down of the successive sums. Time 
limits as above. The same single and double finger reactions in re- 


sponse to metronome bell-strokes were introduced in this series as were 
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employed in the first sub-group. In order to vary the conditions of 
experiment and bring to light different factors conducing to distraction 
of the attention, other and more complicated reactions were at differ- 
ent times introduced in the course of the addition experiments; for 
example (1) reacting on each metronome bell-stroke by making a dot; 
2) reacting as in (1), with the further condition of drawing a cross 
at each fourth bell-stroke; (3) reacting only at each fourth bell-stroke 
by drawing a cross. 

(C) Lernversuche. The main task of this series consisted in 
committing to memory twelve-place numbers and nonsense syllables, 
based on Oehrn’s method. The parallel diverting events employed 
were, with a few omissions, similar to those used in the later experi- 
ments of the preceding subgroup. 

An appreciable time elapses between successive beats of the metro- 
nome. For this reason the distracting influence is more or less sensibly 
discontinuous. There is a tendency in the addition experiments, for 
example, to postpone reacting to a parallel event sufficiently long 
enough so as to admit of fulfilling portions of the main task within 
definite periods and then injecting the parallel reaction at the follow- 
ing intervals. In order to determine the nature and the method of the 
influence exercised by continuous distractions of the attention on cer- 
tain mental processes, and by various parallel processes on each other, 
Vogt carried on a second series of experiments to which allusion has 
already been made under the caption II. Versuche mit ununterbroch- 
enen Stérungen. Within this group occur four main subgroups, 
designated respectively as: (A) //ersagen von Gedichten bet fort- 
chreitenden und zifferweisen Addition ; (B) Hersagen von Ged- 
ichten beim Zahlenlernen ; (C) Hersagen eines Gedichtes beim 
Niederschretben eines andern Gedichtes; (DD) Verbindung von 
Lihlen mit niederschricbhen des Alphabets. In this second group of 
experiments the reactions employed in the first group are not used. 
As may be noted, the parallel tasks imposed furnish a sufficient amount 
of distraction and counteraction for the determination of the problem 
in hand. 

The headings of the various subgroups are sufficiently suggestive 
to indicate the general nature of the experiments involved within each 
class. The experiments of subgroup (A) consisted of the recitation of 
memorized selections accompanied with the two species of addition 
experiments already described. Subgroup (B) consisted of experi- 
ments wherein the memorizing of twelve-place numbers was correlated 


with similar recitations of memorized selections. Subgroup (C) in- 
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volved the recitation of memorized selections both loudly and softly, 
while at the same time other selections were reproduced in writing. 
In subgroup (D) numbers were counted backwards from 200, in com- 
bination with the synchronous writing of the alphabet. Vogt does n 

indicate that any rest-periods were interpolated in the experiments of 
the first series (A), which as a rule continued 14% hours. The e: 

periments of subgroup (B) consumed 5 fifteen minute periods with 
intervals of 10 minutes rest between the periods. Series (C) and (D) 
consisted of from 4 to 6 five minute periods with rest intervals of 5 
minutes intervening. 

In addition to these main lines of investigation, Vogt instituted an- 
other interesting series of experiments. He employed the well-known 
method of cancelling certain letters of a printed text as the main task. 
The texts used were in the vernacular and in Finnish. No extrane- 
ous diversions were introduced. ‘The diverting elements consisted in 


the more or less conscious associations encountered while cancelling 


=< 


+ 


letters in the German text. It is worth recording in this place tha 
the intelligible text exercised a very appreciable diverting influence on 
the main task undertaken. A few experiments of a simple nature 
were performed on two defectives, a paralytic and an epileptic. Fur- 
thermore, Vogt subjected himself to a series of experiments with the 
D 

purpose of ascertaining the influence of alcohol on some of the prob- 
lems under investigation. 

The above synopsis indicates in brief the nature and manner of 

I 

the experimental methods employed. As the result of his investiga- 


tions Vogt draws a number of interesting conclusions clearly stated and 


serially arranged. Some of these conclusions experimentally substan- 
tiate our common knowledge concerning the play of factors in divert- 
ing the attention and the formation of habits. Others offer inter- 
esting problems for further research. Of the more important con- 
clusions the following affords a summary 

(1) The simpler mental activities of apprehension and perception 
are less disturbed by distracting circumstances than are the more com- 
plex activities involving memory and association. 
(2) Mental tasks which do not offer opportunities for either com- 
plete or partial relaxation are much more influenced by the operat 
of rhythmic disturbances than are tasks which are more or less discot 
tinuous. ‘The reason for this is to be found in the fact that discontin 


uous operations (e. g., 27fferwetse addition and the like) contain 


& 


empty periods into which there is a tendency to inject the parallel 


event. 
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(2) Two synchronously occurring tasks in which the same essen- 
3) y : 5 


| psy chical processes are involved exercise a very strong disturbing 


tii 
effect on each other. Such tasks can only be successfully performed 


together when it is possible to effect a change in the manner of doing 
one of them. For example, a person who in adding, counting, and 
such like, is a motile, will best be able to perform these operations as 
parallel events to the main task of reciting a memorized selection, 
when he has accustomed himself to the transference of the former to 
the visual field, thus allowing the main work to monopolize the motor 
consciousness, and in particular the articulatory movements. 

1) Two pieces of work, one of which entails articulatory move- 
ments while the other is concerned with writing movements, can 
easily occur together without causing any great counteracting disturb- 
ances. 

Practically all of the experiments of this investigation offer rich op- 
portunities for the formation of habits, both habits of actual working 
ability and habits of resistance to distraction of the attention. As might 
be expected, the gain in power is relatively the greatest during the first 
few days. Relative to the persistence of a habit, one interesting case 
is worth recording. During the course of the Additionsversuchen 
Vogt had occasion to allow a one week’s pause to elapse, and immedi- 
ately thereafter a four months’ pause. Asa result, he notes essen- 
tially the same loss of facility in each case. This phenomenon, he 
writes, agrees with some of Ebbinghaus’s experiments on the value of 
the time factor in memory. 


In conclusion, it remains to state that the experiments of this in- 





vestigation are judiciously planned and admirably and carefully exe- 

cuted. A healthy, conservative tone tempers the entire work. Vogt 

frankly recognizes some of the limitations of his total results. Yet 

the methods employed apparently harmonize with the problems in 

hand, and offer suggestive bases of departure for work along similar 

lines. Individual differences must be accounted for; hence, in order 
a , 


to the problems under con- 


sideration, the conditions of an experiment must vary sufficiently so as 


to gain valid general conclusions relative 


to accord proper recognition to the visual, auditory, tactile, and 
motor type-forms. In Vogt’s opinion, ** Eine Verbindung von zwei 


1 1 
} 


Gleichzeitigen Reactionsbewegungen, die nicht dieselben  seelischen 


Hilfsmittel in Auspruch nehmen, wiirde vielleicht am ehesten die 
Bedingungen der gleichmiissigen Arbeitsweise und der Storungsemp- 
idlichkeit vereinigen.” 
Geo. B. GERMANN. 
COLUMBIA UNIVERSITY 
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Sur quelques particularités de structure des cellules nerveuses, 
By S.C. Marrinotri. Archives Italiennes de Biologie, XXXII, 
Fasc. II. I5 December, 1899. Pp. 293 -300. 

The research summarized inthis article has probably added some- 
thing to the histology of the nerve-cell and consequently to our knowl- 
edge of its physiology. Not only from his own reputation as a com- 
petent observer, but because Dr. Martinotti corroborates the opinions 
of the renowned Golgi, are these new propositions worthy of at least 


present acceptance. 

The observations reported were made on the cells of the cerebral 
and cerebellar cortices and on those of the spinal ganglia, apparently 
about all of the newest and best staining methods being employed. 

The cell-bodies have to the author a hollow appearance, as have 
also the ‘ protoplasmic prolongations,’ and this hollowness can be seen 
even in the ‘ last ramifications.’ One sees in the periphery of the cells 
a multitude of juxtaposed fibrils which sometimes run parallel to each 
other, and sometimes cross and intersect and anastomose until they 


These 


almost constitute a very fine-meshed and delicate membrane. 

fibrils vary greatly in their modes of anastomosis and in their size, 
te) 

being sometimes thick but often very fine; their course is not always 


straight, but at times is tortuous. Some fibrils extend downward into 


the mass of the cell instead of merely about its periphery. 
This transparent membrane, thus constituted in part, seems to en- 


close not only the cell-bodies proper, but to extend out around all the 


protoplasmic prolongations and even about the axis-cylinders arising in 
the cell. Chemical analysis and its physical properties both go to show 
that this membrane is xewrokeratinic in composition, tough and 
in its osmotic conductivity while 


transparent and very perfect 
sus h a 


the same time quite non-conductive of any nervous current. 
membrane, then, is precisely what the nerve-cell would require to 
support firmly its semi-fluid protoplasmic substance and that of the 
At the same time the membrane serves as a perfect 


prolongations. 
means of isolation, being complete except at the tips of the teleod 


en 


dria, where two cells communicate both physiologically and at times 
structurally with each other. The protoplasmic prolongations are 
undoubtedly, thinks Dr. Martinotti, for the purpose of furnishing a 


he surrounding nutritive 


larger surface-area, so that, exposed to t 
plasma, the cell may be better supplied with food. [One sees a simi- 


lar arrangement for the same purpose in the villi of the small intestine. 
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Such an hypothesis, to use a conservative term, is right in line 


with recent observations on other sorts of cells, as for example those 


of which muscle is composed. 


Ueber die Lage des motorischer Rindcentren des Menschen nach 
trgebnissen faradischer Retzung derselben bet Gehirnopera- 
Ergeb faradischer R  derselben bei Geh 
tion. Archiv fiir Anatomie und Physiologie, 1899, Supplementary 
Volume, second half, 25 October, 1899. Pp. 543-546. 
‘cher die sensiblen Functionen der sog. motorischen Rinderzon des 
Ucber d. blen £ t if 0 t hen Rind. rf 


Menschen. By W. v. BrecuTrEerew. Ibid., 1rg00, Nos. I. and 


II., 31 January, 1900. Pp. 22-24. 

These two very recent articles by the same author are well consid- 
ered together. Both are brief but concentrated reports on the present 
status of our knowledge concerning the cortical sensori-motor cen- 
ters. 

In the former of the articles are summarized the facts derived from 
three surgical cases of trephining for epilepsy performed by other sur- 
geons in the course of which Professor Bechterew stimulated with an 
induction current the exposed ‘ motor’ region of the cortex. Besides 
these cases ten others of like nature are involved in the conclusions, 
four conducted by Ferrier and six by Horsley, in like manner. Two 
of the present investigator’s subjects were boys, aged respectively eleven 
and sixteen years, while the other was a man. His conclusions as to 
the motor centers may be condensed to the following statements : 

The general arrangement in man is precisely as it has often been 
found to be in apes. The centers for the lower extremity are located 
in the upper part of the gyrus centralis posterior. The centers for the 
upper extremity are in the middle part of both central convolutions. 
Immediately under the middle of these centers lie those for the thumb 
and the remaining fingers. The facial centers lie 1n the under part of 
the central convolutions. The parts controlling the lateral movements 
of the head and the movements of the eyes are situated in the posterior 
portion of the second frontal convolution and about there. The cen- 
ters for the muscles of the back are found to be on the surface of the 
anterior central convolution in the upper half of the center for the 
upper extremity (in apes they are on the upper surface of the lateral 
lobes in the upper portion of the gyrus centralis anterior). In men as 
in apes there is a different center for the movement of the thumb and 
for that of the remaining fingers, and this lies in the central convolu- 
tion under or near the centers for the upper extremity. 

In the second article direct physiological and anatomical evidence 
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is adduced for facts apparent to psychologists for some time. Many 
operations on apes and recently the above-mentioned trephining thera- 
peutic operations on persons with severe epilepsy have given quite 
harmonious results. In one of Horsley’s cases there was found a dis- 
turbing cause of irritation in the center for the thumb above defined. 
The motor paralysis was in this instance accompanied by anesthesia 
to light touch-stimuli; difficulty in localizing pressure applied to the 
thumb; numbness and a sensation of cold; with an inability of loca- 
ting the thumb in space. The intensity of such psychical disturbances 
seems to be proportional to the severity of the occasioning material 
jury in the cortex. Muscular sensation is destroyed whenever motivit 

of a part is abolished. All three of Professor Bechterew’s subjects 
above mentioned had sensory disturbances similar to those of the 


paretic case already described. 


‘¢ These discoveries,” says the investigator in concluding the brie! 


article, ‘* set aside all doubt that the dermal sensibility and the mus 
lar feeling in man are located in the known cortical centers togeth 
with voluntary movements, as experimental discoveries in apes 
shown. This fact will be intelligible when we recall that up to a cer- 
tain point the two known qualities of sensibility are determined for t 
voluntary movements,” namely, the sensations of movement in the skin 
and the muscular ‘ feelings’ themselves. 

GeEoRGE V. N. DEARBORN. 


HARVARD UNIVERSITY. 


NEW BOOKS. 
The Grammar of Science. Kart PEARsoN. London, Adams & 
Charles Black; New York, The Macmillan Company. 1900. 
Second edition, revised and enlarged. Pp. XVIII + 548. 


The Spiritual Life. Studies in the Science of Religion. Gron 





A. Coz. New York, Eaton & Mains; Cincinnati, Curts & Jen- 


nings. 1900. Pp. 279. 

La philosophic naturelle. W.Nicate. Paris, V. Giard & Briére. 
1g00. Pp. XI + 308. 

Les lots sociale devant le drott naturel. F. DuGast. Paris, V. 
Giard & E. Briere. tgoo. Pp. 61. 

National Educational Association, Journal of Proceedings and 
Addresses of the Thirty-eighth Annual Meeting held at Los 


Angeles, Cal., July 11-14, 1899. Pp. 1258. 
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La constitution du monde. Dynamique des atomes. Mme. C. 






Rover. Paris, Schleicher Fr. t1g00. Pp. XXII + Soo. 






La France au point de vue moral. A. FouiLL&Ee. Paris, Alcan, 





1900. Pp. 416. 






Rechts- und Linkshandigkeit. F.Uurppreckerus. Leipzig, Engel- 





mann. 1900. Pp. 82. 





L’évolution du drott et la conscience sociale. LL. TANON. Paris, 





Alcan, 1900. Pp. 166. 







NOTES. 


A NUMBER of teachers and students of Philosophy in the West met 





at Kansas City on January 1, 1900, and organized the Western Philo- 





sophical Association. The aim of this society is ‘to stimulate an 





interest in philosophy in all its branches and to encourage original in- 





vestigation.” All advanced students of philosophy are eligible for 






membership. There are about thirty charter members, representing 





the States of Missouri, Nebraska, Kansas, Colorado, Iowa, Minne- 





sota and South Dakota. The officers of the Association for the year 






oo are: Frank Thilly, Ph.D., University of Missouri, President; 





Olin Templin, A.M., University of Kansas, Vice President; A. Ross 





Hill, Ph.D., University of Nebraska, Secretary-Treasurer; with G. 
T. W. Patrick, Ph.D., University of Iowa, and Cleland B. McAfee, 


Ph.D., Park College, as additional members of the Executive Com- 








nittee. The first regular meeting of the Association will be held at 





T 1 , Y e ‘ . ae 9 
Lincoln, Nebraska, during the Christmas holidays of 1goo. 





PROFESSOR WILLIAM JAMES, Professor Wilhelm Wundt and Pro- 





fessor Max Heinze were elected corresponding members of the Berlin 


Academy of Sciences on the occasion of the celebration of its 2o00tl 






anniversary. 





> 


Dr. Epwarp Cairp, Master of Balliol College, Oxford, who was 






] ] 


rmerly Professor of Moral Philosophy at Glasgow University, has 







been nominated as Gifford Lecturer in the latter University, in succes- 


sion to Sir Michael! Foster, M.P. 







Ur. Simon F. McLENNAN has been appointed Professor of Psy- 





chology and Pedagogy at Oberlin Coll 








Dr. T. L. Botton has been elected Instructor in Psychology in 
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the University of Nebraska to fill the place vacant by the death of Dr, 
Leon M. Solomons. 

June E. Downey, A.M. (Chicago), has been appointed Instructor 
in Psychology at the University of Wyoming. 


Proressor J. H. Turrts of the University of Chicago has been 


promoted from an Associate to a full Professorship of Philosophy. 


Dr. ALFRED VIERKANDT has qualified as Docent in Philosophy in 
the University of Berlin, with an inaugural address entitled ‘ Dual- 


ismus tiber psychophysischer Parallelismus. 











